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General Purpose 


Die & Mould Stee! 





Chromium, Vanadium Chromium /Molybdenum Nickel Chromium 
Tungsten /Molybdenum Vanadium Molybdenum 

Hot Working & Forging Aluminium Extrusion & Backing Die & Hot 
Die Stee! Pressure Die Casting Stee Working Steel 










Rotary Compressors 


and Vacuum Pumps 











Two stage Rotary Compressor Type RVC 510, Photograph by kind permission of 


delivery 2540 CFM of free air at a discharge leddington Aircraft Controls Ltd., 
pressure of 100 PSIG. Merthyr Tydfil, Glamorgan. 





Delivery volumes range from 150 CFM to 3500 CFM at discharge pressures 
up to 114 PSIG or VACUA up to 99.9", for air and gas. 


Over 50 years of experience, research and development have culminated 
in optimum performance, low maintenance cost and the highest possible 


degree of reliability. 


For details please contact: 





service installation spares 
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types 
STAND NO. D18 are only a fraction of the total 


Engineering Materials & Design 
Exhibition, Earls Court 


November 13th — 18th, 1961 


number of steel compositions which 
Firth Brown are prepared to supply 
as rolled or forged products. All 
are designed to comply with the 


most rigid metallurgical standards. 





OY STEELMAKERS 


Poe Firth B rown 


HEAVY ENGINEERS 
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nad here-++* 


a connecting pin here.... 


fe clips here..-- 
and cutting edges here.--. 





A. C. Bamlett Ltd. have been making agricultural mowers 
for a hundred years. Back in 1860, Mr. A. C. Bamlett designed his 
first horse-drawn mower. It is a tribute to his ingenuity that the 
firm still use the same principle today, when the horse has 

long since been replaced by the tractor. 

In an era of increasing mechanisation in farming, 

Bamiett's have kept their leading place by their enlightened outlook 
on manufacturing techniques. The principle may date from 1860— 
but the methods belong very much to the 1960's. 

They became dissatisfied with their method of heat-treatment 

and, after investigation, decided to install an |.C.1. ‘Cassel’ salt 
bath to help them case-harden those parts of their mowers 

that were most subject to hard wear 

They case-harden to a depth of .015/.025”—and have found that 
with the ‘Cassel’ bath they can easily control this depth, 

which gives uniform results and longer life to the treated parts. 

In addition, their output has doubled for the same labour, 

and their costs have been reduced. 


Bamilett's would certainly agree that 
IT PAYS TO CONSULT 
1.C.l. HEAT-TREATMENT SERVICE 


IMPERIAL CHEMICAL INDUSTRIES LTD GENERAL 
LONDON SW1 CHEMICALS 
DIVISION 





CC.207 
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HANDLED WITH CARE 


O00 


Care is the basic ingredient in any successful 








project—constant attention to detail at 

every stage of design and construction. 

The Incandescent Heat Co. Ltd., produce an 
mmense range of heat treatment equipment to 
meet many different demands both 

for static and continuous processes. 

Furnaces for annealing, normalizing, bright 
annealing, carburizing, hardening and tempering, 
forging, re-heating, malleablizing, cyanide 


hardening, bright brazing. 


INCANDESCENT 








ROLLER HEARTH FURNACE 


THE INCANDESCENT HEAT CO. LTD., 


SMETHWICK, ENGLAND, 
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LAMBERTON 


75 TON VERTICAL 


FORGING PRESS 











Photograph by courtesy of The Austin Motor Company Limited 


A fast working press suitable for mass production forging 
An automatic feeder can be fitted 


Write for full details to: 


EUMUCO (England) LIMITED 





26 FITZROY SQUARE - LONDON W1 - TELEPHONE: EUSTON 4651 
Smee’s E.8 
Al 














Patents 817053 & 819536 


‘TRANSITROL 











Temperature Controliers 





from C39. 10, 


DELIVERED 







..-have already 
proved their 
reliability and 
durability to 
thousands 

of firms in 

all industries! 





Comprehensive information from: ETHER LTD. 
Tyburn Road, Erdington, Birmingham 24 
Caxton Way, Stevenage, Herts 


East 0276-8 
Stevenage 2110-7 
Representatives throughout the U.K 


Agents in all principa ntr 











TYPE 990: 


Two-position on/off. 


Operating: 
Sclenoid valves. 
Motorised vaives. 
Contactors. Relays. 
Electric heaters, 


Applications: 
Salt-baths for heat-treat- 
ment of metat 
Vitreous-enameliing 
turnace 

Muffie furnaces, 

Hot-air ovens. 

Drying kilns 

Crucible furnaces, 
High-temperature 
alarms 

Extruding and moulding 


machines, etc., etc, 








TYPE 991; 
Anticipatory 


Operating: 
Solenoid valves 
Motorised valves. 
Contactors. Relays, 
Electric Heaters. 


Applications: 
Extruding machines and 
moulding presses for 
plastics, rubber, etc. 


Die-casting machines. 


Furnaces for crystal 


growing. 


Chemica! processing. 
Food packaging 
machinery, etc., ete 








TYPE 992: 


Proportioning 


(stepiess) 


Operating: 
Saturable reactors. 


Applications: 
Electrically-heated 
equipment requiring 
extremely accurate tem- 
peratures, ©¢.& plastic 
extruders for high- 
quality production. 


Electric furnaces em- 


ployed on research, 


Electronic production, 
etc., etc, 








TYPE 993: 
Three-position 
(employing any combina- 
tion of the preceding 
control systems). 





TYPE 995 
Continuously-acting 


TYPE 994: 
Time-Temperature 
(employing any one of 
the preceding control 


Operating: 
Solenoid valves. 
Motorised valves. 


Proportional 


“ (with manua! reset) systems). 

Contactors. Relays, 

Electric heaters. oO i 
rating: perating: 

Saturable reactors, Ope s 


Solenoid valves. 
Motorised valves. 
Motorised proportioning 
t of sequent heating valves 

and cooling or for con- Applications: 


rollin ’ 
trolling a floating vaive Geo-fred or oit-fred _ wi Aap arenntl 


Applications: Motorised proportioning 


For the independent con- valves. 





Contactors. Relays. 
lectrse heater 


in— 
Salt-baths for heat-treat- 
ment of metals 


mo tcen-meta! vats, 
Applications: 


Vitreous-enamelling Continuousty-fed For controlling the rise 

furnaces furnaces. and fall of temperature 

Muffie furnaces. over a given period o 
»le furnaces. time in:— 





ding machines, Lehrs. 
ne presses 
ting machines 


Pottery kilns. 

Food processing. 
Heat-treatment of metals 
glass, plastics. 

Research, etc., etc, 


Drying ovens and kilns, 
etc., etc, 
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Atmospheres are 
best controlled with 
BOTTOGAS Butane 





Photograph by courtesy of Enfield Rolling Mille Lid. 


BOTTOGAS ~~ 


BUTANE ho 








PRECISION FUEL | for industrial furnaces 


— oe 





4 1 \ 
Dia al . ' | 
BOTTOGAS butane and PROPAGAS BOTTOGAS butane and PROPAGAS propane 
propane with their low sulphur ; are the Precision Fuels for the glass industry 
content are the perfect mediums for Lj} | air heaters, radiant heaters, bitumen and mas 
: a tic heatin loodlights, blow torches, fork lif 
special furnace atmospheres. They ic heating, floodlights, blow torches, fork lift 
- . trucks, agriculture. 
sain are widely used for gas carburising, 
Sct carbonitriding and bright annealing. BOTTOGAS butane and PROPAGAS 





propane 


come from the British Refineries of the Shell 


” 


— 

pean 

fan B.P Groups They are backed by a nationwide 
s. , 
es. ES distribution service nd technical resource 
portioning ae or 


second to none 





ors. 

Gases Shell-Mex and B.P. Gases Limited 
« the rise Reg'd users of Trade Marks 
Sates al Cecil Chambers, 76-86 Strand, London WC2 Phone: TEMple Bur 1234 
ng. 
ntofmetals 


., etc, 








The Nitroneal Generator produces pure nitrogen with a 
controllable hydrogen content by reacting ammonia with 
air in the presence of a special Engelhard catalyst. The 
apparatus generates a gas completely free of oxygen, 
consisting only of nitrogen, hydrogen and water 
vapour. The hydrogen content can be varied at will 
to meet changing requirements and can be main- 
tained at any desired percentage between 0.5°, and 
25° within close tolerances. This flexibility permits 
the use of the appropriate gas for any material 
or process at the lowest cost 


IMPORTANT ADVANTAGES are ECONOMY 
HIGH PURITY SAFETY - FULL’ 
AUTOMATIC 
ADJUSTABLE GAS MIXTURE 
UNIFORM ANALYSIS - LOW DEW POINT 
%*% Write for leaflet giving full details. Technical 


representatives available for consultation and 
advice. 





(ENGELHARD INDUSTRIES LTD.) 





52 HIGH HOLBORN 





LONDON, W.C.1 





A view of a 1500 c.f.h. 
Nitroneal Generator at the 
Uddingston Works of Ranco 
Limited 


GNL 
NITRONEAL 
GENERATOR 


BAKER PLATINUM DIVISION 


CHAncery 9050 
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Dies for intermediate Rod made on National 3” High Duty Forging Machine 





Available in 
11 sizes from 1-inch 
through 10-inch 








National High Duty Forging Machines, teamed with modern die design, produce these 
and many other accurate, close-limit forgings with marked economy in material savings 
and final machining 

Forgings, the strongest metal parts obtainable, are made practically scrapless. Hollow parts, 
large-diameter upsets, unusual forms and bends — all are made on high-production upsetters. 
Let us help you investigate how your upset or deep-pierced forgings can be made faster, 
better and more economically on manual, single-blow or automatic Forging Machines 

No obligation 


FORGING MACHINES + MAXIPRESSES + REDUCEROLLS 
BOLTMAKERS + NUT FORMERS + TAPPERS Nationa MACHINERY (0 


COLD HEADERS + PARTS-MAKING MACHINES 


\ JIG KAYSE Reve 
UNITED KINGDOM OFFICE ; NURNGERG 

429 BIRMINGHAM ROAD 
SUTTON COLDFIELD ¢ WARWICKSHIRE © ENGLAND ¢ _ Telephone: ERDINGTON 4192 
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FOLIAC 
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“Only 2,000 ops and done for. 


You must be cracked... 
(It’s all that oil and sawdust !)9? 





“4,000 ops and still 
going strong — 


(It’s al/ that lubrication with a 
FOLIAC Col/oida/ Graphite Dispersion )9¥ 


Foliac Colloidal Graphite supersedes the traditional 

methods of die lubrication. It not only eliminates 
metal-to-metal contact, but protects the surfaces of the 

dies from corrosion, cracking and burning. It provides 

a tough, self-lubricating film over the entire die surface 
that reduces friction and improves metal flow. The 

result is a consistently well finished product from a die that 
lasts twice as long—or longer. Why not ask 

our representative to call to discuss specific problems, 


and advise on applications 


COLLOIDAL GRAPHITE DISPERSIONS 


h A GRAPHITE PRODUCTS LIMITED 
_ A Member of The Morgan Crucibie Group 


POINT PLEASANT - WANDSWORTH * LONDON - S.W.18 TELEPHONE: VANdyke 6422 
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Say 
© tj 
Me ang Mon 
©y wit 
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Refractory 
Concretes 





i Se 


now sain 
up to 1800°C 


The advantages are:— 


FLEXIBILITY OF DESIGN 


LOW INSTALLATION COST 
AVOIDANCE OF DELAY 


SECA) 


= to 1350° will ven “t =) ["} 
U ENT 


LAFARGE "eneens snes COMPANY LIMITED 
7S BROOK STREET, LONDON, W.1. TELEPHONE: MAYFAIR 0546 
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Cut your Forging Costs by installingqa... 
BRITISH-MADE : 
CHAMBERSBURG CECO-DROP HAMMER 


14 ectober, 1961 





An air or steam lift, gravity drop 
hammer setting new standards for 
quality and production. 


* Automatic operation with variable 
stroke control. 


* Greater and cheaper production 
per hour. 


* More economical, safer and easier 
to operate. 


* Improved accuracy of die match. 





The Chambersburg Ceco-Drop is an improved-type 
Drop Hammer providing more blows per minute 
and closer tolerances in the forgings. 





Maintenance costs are reduced due to fewer and 
more durable working parts. 


Sole Agents: AD.27! 


ALFRED 
HERBER Tr LTD., COVENTRY — FACTORED DIVISION, RED LANE WORKS 











tdvanced techniques 


and re liable nereice 


have established Jor 


Smethwick Drop Forgings 


a fine reputation 


SMETHWICK DROP FORGINGS LTD ‘SMETHWICK & KIDDERMINSTER 





A typical crankshaft 

forging, during stamping 

and after fettling as 

produced on WILKINS 

& MITCHELL Forging Presses 


FORGING PROGRESS 
The preference of so many of the busiest 
forges for Wilkins & Mitchell Presses, especially 
in their most recent installations, is based 
on their need for higher productivity. 
Experienced users have learned to rely on 
the progressive design, dependability and 
built-in reserves of Wilkins & Mitchell Presses 
contributing factors to better margins in 
this highly competitive industry. 


Why not consult us on your press requirements, 


. . the complete forging shop 
.. or the single press? 





~~ 
Sr. 
Fs. 


be 
PL. 


WILKINS & MITCHELL Forging Presses at Smith Clayton Forge, Ltd., Lincoln 


WILKINS &| MITCHELL 


The Presses that cut costs 
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= £515-10-0 pa 








WwW 3 Ss T baatrisaiia 


LIMITED 
for TEMPERATURE MEASUREMENT & CONTROL 


Head Office: Regent Street, Brig Sussex 


Brig 28106 
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80-ton direct arc melting installation 150-ton capacity bogie hearth furnace 


HEAVY Dury ELECTR FURNACES 
a DUSTRY EVERYWHERE 


Continuous hardening and tempering of forgings Continuous normalizing of forgings 


METALECTRIC FURNACES LTD. 


SMETHWICK - ENGLAND 
FOR ALL FORMS OF ELECTRIC HEAT TREATMENT EQUIPMENT 


Roller hearth bright annealing Continuous blackheart and pearlitic malleablizing 











4 
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MORGAN 


BASIN 


=e TILTERS 


During the past eighteen months 54 Morgan Basin 
Tilters have been installed in modern foundries for 


fast and economical bulk melting of a wide range of 


; “= quality aluminium or copper based alloys. 


2k The new BT-1300 takes only 
SO minutes to melt all this 
Aluminium Alloy 


For top quality castings and lowest melting loss, invest 
in the most flexible of all bulk melters. Ask for a 
demonstration, with your own metal if preferred, at 
the Battersea Test Foundry. 


MORGANITE CRUCIBLE LIMITED, NORTON WORKS, WOODBURY LANE, WORCESTER. Tel: Worcester 26691 Telex: 533191 


A Member of The Morgan Crucible Group. 


FS4A 
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RESISTANCE 
FURNACES 
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Nobody knows 
more about 
resistance 
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furnaces 


6.W.B. FURNACES LIMITED (FURNACE DIVISION), DUDLEY, WORCESTERSHIRE. TEL: DUDLEY 55455 


ASSOCIATED WITH GIBBONS BROS. LIMITED AND WILD-BARFIELD ELECTRIC FURNACES LIMITED 
own/aty 
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An Olympus 201 turbojet engine on test at the Patchway, Bristol 
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factories of Bristol Siddeley Engines Limited 


The Metallurgical Problems of Gas Turbine Engines 


“That gas should be so extensively used is an indication of its versatility 
and excellence as a precision heating fuel” 


Many such problems are encountered 
by Bristol Siddeley Litd., a 
company formed as recently as April 
1959 by Bristol Aero 
Siddeley 
Motors, which were the respective aero 


Engines 
the merger of 
Engines and Armstrong 
engine manufacturing companies of the 
Bristol 


Hawker 


Aeroplane Company and the 
Siddeley The 


engine company is one of the largest of 


Group new 


its kind in the world and offers an 
extremely wide range of propulsion 
units both for manned aircraft and 


missiles 

There is no doubt that in aero engine 
manufacture the limitations are almost 
entirely those of the performance of 
new alloys and the ability to form and 


The 


turbine and rotor blade forge shop at 


process these alloys satisfactorily 


the Patchway Works houses four forg- 
ing presses varying from 800 to 1,000 
tons and six drop hammers from 400 to 
2,000 Ib. These are fed from ten gas 
fired muffle furnaces operating through 
a range of temperatures from as low as 
450°C for the low temperature 
minium alloys to 1150°C for the high 
nickel alloys. In this shop aluminium 
alloys are heated by air circulation fur- 
naces while Nimonic, stainless stee! and 
titanium alloys are processed in muffle 


alu- 


The variety of blade lengths 


to 12 


furnaces 
ranges from 4 in overall length, 
and for some of the alloys a reducing 
atmosphere is required and obtained 
from cracked ammonia 
blades in a typical engine varies from 
1,000 to 2,500 and these represent the 
number of potential points of a failure 










Heating for first jorgine 


in a 1,000 ton friction 
crew press in the Blade 
Forge Shop of Bristol 
Siddeley Enzines Limit- 


ed, Patchway, Bristol 


The number of 


if one of these blades is incorrectly 
The whole of the 
forge shop uses gas for heating the dies 


formed and processed 


as well as the furnaces, and as was 
pointed out by one of the engineers, 
the temperature time sequence using 


heat resisting alloys particularly is very 


critical. The soaking period must be 


1961 


october 


adequate but it must not exceed a de- 
fined period. Gas with its uniform 
calorific value and its ability to be 
supplied at a governed pressure facili- 
tates the problems of automatic tem- 
perature control on 
furnaces. 

The precision foundry at Patchway also 
uses considerable quantities of heat re- 
sisting alloys for rotor blades and here 
gas is used exclusively for mould firing 
with a time cycle of four to eight hours 
at a temperature of 1000 to 1050°C. 
Quite recently two new mould firing 
furnaces were installed as a result of 
satisfaction with the former gas fired 
furnaces. In addition, a gas fired rotary 
sand dryer operating at 350°C provides 
hot sand used for melting out the wax 
from the shells in the lost wax moulding 
process. As will be appreciated, there is 
a certain amount of scale removing 
necessary, particularly on the com- 
ponents made from heat resisting 
steels. For this purpose use is made of 
the sodium hydride process. Basically, 
this involves preheating the com- 
ponents to drive off moisture and then 
immersing in a bath of molten caustic 
soda to which metallic sodium is added. 
Hydrogen, made by cracking ammonia 
is led into the mixture of caustic soda 
and sodium causing the formation of 
sodium hydride. The action of this 
material on the surface of the heat 
resisting steel components is to convert 
into spongy 
metal without in any way attacking the 
metal surface. This is advantageous in 
terms of the maintained precision of the 
dimensions of the components, and its 
other advantage is that a 48 
sequence by the acid 
replaced by a 4 hour sequence using 
the sodium hydride process. The tem- 
perature is maintained in the bath, 
which holds seven tons of the molten 
material, by four manifolds at the 
corners of the bath, each of which 
houses five gas burners 


those soaking 


the oxide scale directly 


hour 
methods is 


The other essential features of any gas 
turbine engine are, of course, the jet 
pipes which again are made from heat 
resisting alloy. During the fabrication 
of these tubes up to 30 in. in diameter 
and from 15 to 20 ft. in length there is a 
multitudinous number of seam welding 
operations and it is essential that these 
welds are stress relieved before the 
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component goes into service. One way 
of doing this would be to build a large 
pit furnace which is expensive in terms 
of capital outlay and occupies perma- 
nent valuable factory space. The Com- 
pany, however, collaborated with the 
Industrial Engineers of the South 
Western Gas Board and between them 
made use of ring burners which had 
been employed in an entirely different 
Operation in an entirely different in- 
dustry. The completed jet tubes are 
held in position over circular gas jets, 
each of which is in two semi-circular 
segments. One end of the tube is 
attached to a revolving holder and the 
whole tube is capable of revolving 

round the complete circle of gas flames. 


These circular burners can be posi- 


Jet pipe weld annealing 
plant in No. I Shop at 
the Rodney Works of 
Bristol Siddeley Engines 


Limited. 


tioned over the various banks of welds 
in the tube and the stress relieving 
operation using gas and compressed 
air is carried out at a temperature of 
950°C. According to the different 
diameters of the jet tubes, so different 
diameters of circular burners are used. 
This is a particular example of how the 
knowledge of the Industrial Gas En- 
gineers of one industry can be directly 
applied to another. 

In the sheet metal shop, as part of the 
bright annealing process, town gas is 
burnt and passed through a catalyst, 
and burnt 
removed from the combustion pro- 
ducts, so providing the necessary 
neutral atmosphere in the bright 
annealing furnaces which ensures that 
the heat resisting steel components 
emerge after annealing with a bright 
surface completely free from scale 
Apart from these above mentioned 
processes, considerable use of town gas 


after which moisture is 
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is made by Bristol Siddeley Ltd. at 
their Patchway factory muffle furnaces, 
continuous paint stoving ovens, oxy- 
gas profile flame cutters for many heat 
treatment processes, and for a variety 
of salt baths, degreasers and metal 
processing tanks 

In aero engine design and manufacture 
the metallurgical problems are con 
siderable and ultimate performance 
depends upon the condition of the fina 
surface of the metal while this, in turn 
depends very largely on the manner in 
which it is heat treated and finished 
That gas should be so extensively used 
is an indication of its versatility and 
excellence as a precision heating fuel 

Bristol Siddeley Engines Ltd. acknow- 
ledge the constant help which they 





receive from the Industrial Engineers 
at the South Western Gas Board and, 
of course, throughout the vast range of 
processes employing gas in industry, 


users and potential users of gas can 
obtain expert technical advice, quite 
freely, from their Area Gas Board. 


Scottish Gas Board, Edinburgh 
Northern Gas Board, Newcastle-upon-Tyne 
North Western Gas Board, Manchester 
North Eastern Gas Board, Leeds 

East Midlands Gas Board, Leicester 
West Midlands Gas Board, Birmingham 
Wales Gas Board, Cardiff 

Eastern Gas Board, Watford 

North Thames Gas Board, W.8 

South Eastern Gas Board, Croydon 
Southern Gas Board, Southampton 
South Western Gas Board, Bath 


The Gas Council, 1 Grosvenor Place, 
London, S.W.1 
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Copies Left- and Right-hand 
die halves simultaneously 
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AUTOMATIC HYDROCOPYING DIE SINKER 
MODEL KAB 250 


Fully automatic — roughing and finishing — this exceedingly 


' robust bed-type machine copies 3-dimensional dies, without supervision, from 
wooden or plaster models. Both left- and right-hand halves of the die can 
be copied at the same time from the same master. 360° profiling can be pert ed 
at constant feed, without rotating circular tables, and on 
vertical contours. Servo hand control permits speedy roughing. The machine 
has two spindles; single- and 4-spindle machines are available also. 


Table size 130” « 25%". Spindle speeds (18) 42 to 2000 r.p.m. 
Copying feeds, steplessly variable -4" to 15-75". Pick feeds -006" to -2 


Send for our Special Exhibition brochure 


SOLE U.K. DISTRIBUTORS: 






DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel. WESTERN 8077 (8 lines) ‘Telex: 23182 Groms’ ACCURATOOL LONDON TELEX 
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Whatever your heat-resistance problem 


irately 
weighing 
moiten 
metai prior 


yoentrifu- 









the way to succeed is with Thompson L’Hospied! 


AND COMPANY LIMITED - AMBLECOTE - STOURBRIDGE - TELEPHONE 5/28 
A4t Thompson L'Hospied, specialist 


heat-resisting castings, ! 
echniques are very much in the 
pi re. Ev \ t andied ed 
he ver atest 5 ur nr 
ALi a r 
i © ASS A 
LAK Indu nave 
4 1 facilitie ‘ 5 
cr a a Zé ember e esce uD 
4 xivanta i 4 
t serv ‘ fife 4 
a represe 1 ‘ a 
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the relief of stresses demands 


EFCO 


BELL TYPE FURNACES 











When you need to heat treat ferrous 
or non-ferrous metals, in strip or wire 
or fabricated form, in rectangular 
or cylindrical furnaces, in controlled 
atmosphere or in vacuum —— choose 
an Efco Bell 


BEST OF THE WORLD'S 
FURNACE DESIGNS 


EFCO FURNACES LIMITED 


NRP/AI058 . QUEENS ROAD. WEYBRIDGE. SURREY -§ Weybridge MP! 


Seem ened oe @ Freres (Neem! img-mmerong Co at 





STORDY 


RADIANT se © Oe - Oe BURNERS 


dual fuel type 
for gas or oil 








Burner assembly with observation port, 


spark plugs and self clean-metering oil valve 





STORDY ENGINEERING LIMITED 


CUMBRIA HOUSE GOLOTHORN HILL WOLVERHAMPTON 








‘A RANGE 

OF HORIZONTAL 
AND VERTICAL 
INTERNAL ELEMENT 
FURNACES py 


FOR VACUUM annealing brazing sintering 

















ake): 
and 


more 


STEIN 73 


-- to meet an ever-increasing 
demand because... 


STEIN 73 offers a proved, exceptional APPROXIMATE TECHNICAL DATA 
ervice in positions incurring heavy abrasion , 
ind slag attack wr renenebiogdlineg ths 
: ‘ : Refractoriness — Seger Cone — 38 = 1850 C 
APPLICATIONS: Hearths of Reheating Furnaces Refractoriness under load 

Continuous Slab Furnace Hearths e Soaking Pits 28 Ib.Jin.2 (2kg./cm.2)—S%, deformation at 1660 C 
(Hearth, lower side walls and Ingot Head Level) ¢ Blast After Contraction -2 hrs. at:— 


Furnace Tap Holes e Boilers (Clinker Line). hee Poresiiy “aa 


You are invited to consult our long experience on all Cold Crushing Strength 
refractory problems. Write, telephone or visit— 13,000 Ib./in.2 (914 kg./cm.?) 


JOHN G. STEIN & CO. LTD., Bonnybridge, Scotland. Tel: BANKNOCK 255 (4 lines) 361 & 362 
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A RANGE 
OF HORIZONTAL 
AND VERTICAL 
INTERNAL - all 
FURNACES sy 


FOR VACUUM annealing brazing sintering 
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STEIN 73 


ee 


. IN PRODUCTION 


»- to meet an ever-increasing 
demand because... 


STEIN 73 offers a proved, exceptional APPROXIMATE TECHNICAL DATA 
ervice in positions incurring heavy abrasion 
. Alumina ... ... 83°. 


ind slag attack. Refractoriness —Seger Cone — 38 = 1850 C 
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You are invited to consult our long experience on all Cold Crushing Strength 
refractory problems. Write, telephone or visit— 13,000 Ib.fin.2 (914 kg.Jcm.?) 


JOHN G. STEIN & CO. LTD., Bonnybridge, Scotland. Tel: BANKNOCK 255 (4 lines) 361 & 362 
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Training centres 


AVING ‘cried wolf’ on educational matters rather insistently in these pages 

recently, it is pleasant to be able to record a recent instance of foresight on the 

part of an industrial concern. At any one time, the Pressed Steel Co. Ltd. has 
up to a thousand people under some form of training and, to ensure adequate facilities 
to provide for the increasing intake of apprentices, a new five-storey training centre has 
just been completed at Cowley, Oxford. The centre, an excellent example of contem- 
porary design, is a model of the realistic contribution which industry can make when its 
responsibilities are accepted with courage. 
The official opening, last month, was by the President of the A.E.U., Mr. W. J. Carron, 
K.S.G., M.A., who had the following interesting things to say on the necessity for craft 
apprenticeship. 
With notable exceptions we, as a nation, had been somewhat slow in realizing the necessity 
to provide levels of training consistent with the accelerating rate of change which was 
such an outstanding characteristic of the 20th century. The rapid industrial development 
of many nations now enabled them to compete with us on at least equal terms, accom- 
panied by their significant economic growth, while ours had, in the last few years, been 
so low as to be virtually stagnant. A major contributory factor was the country-wide 
dearth of trained personnel. 
Special tribute was to be paid to technical colleges whose work, often under adverse 
conditions, had performed a service to manufacturing industry, and especially engineering, 
which could not be overrated. Invaluable though the educational services were, they, 
of themselves, could not give the practical training and experience essential to create the 
personnel required to man industry. Particularly was this so in the field of craft training, 
and he believed that a measure of craft training was of advantage to all concerned with 
the manufacturing side of engineering, including the highest levels. 
It was understandable, said Mr. Carron, that his major interest and that of his Union 
was in craft training. Over the years, they had pressed for better training facilities and 
no limit to promotion opportunities. They had asserted, and still stressed, that employers 
who could not, or who would not, provide facilities for first-class craft training had no 
right to be entrusted with apprentices. In his estimation it was little short of criminal 
to enrol young people as apprentices and fail to train them adequately. 
They, therefore, welcomed with enthusiasm the provision of first-class facilities by 
progressive companies. Buildings well designed for their specific purpose; apparatus, 
not, as in the past, old scrap deemed good enough for apprentices, but of the best and 
most modern kind; syllabuses designed to achieve maximum results by the elimination of 
useless effort and, most important, the choice of instructors with the ability to transmit 
their craft. 
Mr. Carron did not accept the view that craft training should be carried out entirely in 
centres established solely for that purpose and divorced from actual manufacturing units. 
He welcomed the period spent in a well-equipped apprentice training centre prior to 
introduction into the works, but considered that actual contact by the apprentice with the 
ordinary day-to-day processes was essential to produce first-class craftsmen. 
In conclusion Mr. Carron gave his views on training for newer skills. Newer skills 
were a development of basic craftsmanship. If sound basic training was given in the 
fundamental essentials of a craft then the trained skill could be applied to the requirements 
of the times. Experience had shown that the well-trained craftsman could adapt himself 
to changing techniques. In fact, it was often the craftsman himself who initiated newer 
methods and provided the basis of newer techniques. In this respect, he would say 
that the contribution of training centres of the kind provided by the Pressed Steel Co. 
was invaluable. 
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Training centres 


AVING ‘cried wolf’ on educational matters rather insistently in these pages 

recently, it is pleasant to be able to record a recent instance of foresight on the 

part of an industrial concern. At any one time, the Pressed Steel Co. Ltd. has 
up to a thousand people under some form of training and, to ensure adequate facilities 
to provide for the increasing intake of apprentices, a new five-storey training centre has 
just been completed at Cowley, Oxford. The centre, an excellent example of contem- 
porary design, is a model of the realistic contribution which industry can make when its 
responsibilities are accepted with courage. 
The official opening, last month, was by the President of the A.E.U., Mr. W. J. Carron, 
K.S.G., M.A., who had the following interesting things to say on the necessity for craft 
apprenticeship. 
With notable exceptions we, as a nation, had been somewhat slow in realizing the necessity 
to provide levels of training consistent with the accelerating rate of change which was 
such an outstanding characteristic of the 20th century. The rapid industrial development 
of many nations now enabled them to compete with us on at least equal terms, accom- 
panied by their significant economic growth, while ours had, in the last few years, been 
so low as to be virtually stagnant. A major contributory factor was the country-wide 
dearth of trained personnel. 
Special tribute was to be paid to technical colleges whose work, often under adverse 
conditions, had performed a service to manufacturing industry, and especially engineering, 
which could not be overrated. Invaluable though the educational services were, they, 
of themselves, could not give the practical training and experience essential to create the 
personnel required to man industry. Particularly was this so in the field of craft training, 
and he believed that a measure of craft training was of advantage to all concerned with 
the manufacturing side of engineering, including the highest levels. 
It was understandable, said Mr. Carron, that his major interest and that of his Union 
was in craft training. Over the years, they had pressed for better training facilities and 
no limit to promotion opportunities. They had asserted, and still stressed, that employers 
who could not, or who would not, provide facilities for first-class craft training had no 
right to be entrusted with apprentices. In his estimation it was little short of criminal 
to enrol young people as apprentices and fail to train them adequately. 
They, therefore, welcomed with enthusiasm the provision of first-class facilities by 
progressive companies. Buildings well designed for their specific purpose; apparatus, 
not, as in the past, old scrap deemed good enough for apprentices, but of the best and 
most modern kind; syllabuses designed to achieve maximum results by the elimination of 
useless effort and, most important, the choice of instructors with the ability to transmit 
their craft. 
Mr. Carron did not accept the view that craft training should be carried out entirely in 
centres established solely for that purpose and divorced from actual manufacturing units. 
He welcomed the period spent in a well-equipped apprentice training centre prior to 
introduction into the works, but considered that actual contact by the apprentice with the 
ordinary day-to-day processes was essential to produce first-class craftsmen. 
In conclusion Mr. Carron gave his views on training for newer skills. Newer skills 
were a development of basic craftsmanship. If sound basic training was given in the 
fundamental essentials of a craft then the trained skill could be applied to the requirements 
of the times. Experience had shown that the well-trained craftsman could adapt himself 
to changing techniques. In fact, it was often the craftsman himself who initiated newer 
methods and provided the basis of newer techniques. In this respect, he would say 
that the contribution of training centres of the kind provided by the Pressed Steel Co. 
was invaluable. 
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Electron probe X-ray microanalysis 


1. Segregation in ball-bearing steels 


ROLAND KIESSLING and SVEN BACKSTROM 


A SYSTEMATIC investigation of the use of electron 
probe X-ray microanalysis in different fields of 
metal research is at present carried out at the 
Swedish Institute for Metal Research. Problems 
of interest for the industry are selected by a com- 
mittee, working within the research programme of 
the Swedish Ironmasters’ Association (Jernkontoret 

of which committee one of the authors (R. K.) is 
chairman and the other a member. The instrument 
used at the Institute, an electron probe X-ray 
microanalyser of the ‘Cameca’ design, has re- 
cently been described.! The general principles for 
this type of microanalysis, including the main cor- 
rection factors, were also indicated in the same 
article. The committee has considered the micro- 
analysis of segregations to be one of the fields 
where this type of analysis could be of great value, 
especially in combination with the more classical 
methods of metallographic investigation, e.g. micro- 
scopy and X-ray diffraction analysis. As an example, 
a ball-bearing steel showing segregation streaks was 
supplied for analysis by skF Hofors Bruk. 


The steel used was an annealed chromium steel 


with the following analysis: C = 0-98°,, Cr 
1-52%, Si = 0-33%, Mn = 0-32%, P = 0-022° 
and S = 0-017°%,. In fig. 1 segregation streaks 


appearing dark after etching in alkaline picrate and 
mainly consisting of small cementite grains (<1 u* 
are visible. Occasionally carbide particles of much 
greater size than the small cementite grains appear 
in the dark streaks, showing a marked prolongation 
in the rolling direction. Their section in the struc- 
ture studied (fig. 1) had an area of about 5 = 50’. 
They do not etch dark in alkaline picrate, whereas 
the small cementite particles appear coloured or 


This article has been slightly abridged from two com- 
munications from the Swedish Institute for Metal 
Research, in Jernkontorets Annaler, 1961, (5). Mr 
Beckstrém is head of the laboratory, skF Hofors Bruk. 


dark after etching. Also grey particles of MnS 
appear in these dark streaks which correspond to 
the last solidified parts of the ingot. Their section 
had an area of about 2 « 40". Segregations of this 
type appear, if the steel is slowly cooled from the 
austenitic range, whereas they disappear if the 
cooling speed is increased. In the homogeneous 
austenitic range carbon is evenly distributed but it 
is evident from the carbide segregations that it is 
concentrated in the last solidified parts of the ingot 
if the diffusion time is long enough. This indicates 
that the dark streaks are enriched in some alloying 
element which forms stronger metal-carbon bonds 
than iron. 

Westgren, Phragmén and Negresco* have studied 
the chromium distribution in ball-bearing steels of 
a composition similar to the steel under investiga- 
tion. They concluded that the main part of the 
chromium in an annealed ball-bearing chromium 
steel was contained in the carbide. From X-ray 
diffraction analysis they also concluded that the 
large particles (called ‘ double carbide ’ or ‘ carbide 
accumulations ’) consisted of unevenly distributed 
cementite and that the iron in the cementite had 
been partly substituted by chromium. 


Experimental results 


A quantitative chromium iron and manganese 
analysis by the electron probe was carried out along 
a series of spots in the structure, the spots situated 
in lines similar to the line indicated in fig. 1. The 
point focus of the beam had the smallest possible 
size, 1 u*, and the points of measurement were 
chosen on the darker or lighter streaks of the struc- 
ture, as well as on the large carbide and sulphide 
particles. 

The results are summarized in table 1. 


In fig. 1 the variation in chromium content along 
the line indicated in the structure is given. The 
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TABLE 1 Electron-probe analysis of structure components 








Structure Chro- Man- 
component mium Iron ganese 
Light streaks -1:5 93-95 | 0-3-0:°5 
Dark streaks .. 3 2:0-7-0 ~85 0-30°5 
Large carbide particles 
‘accumulated carbides’ 29-34 50 56 * 
Sulphide particle _-.j__* —7 40 





* Not measurable 


observed values were corrected for dead time and 
background. The chromium-iron values were also 
corrected for fluorescence according to the formula 
given by Castaing.* It is to be observed that even if 
the size of the point focus of the electron beam was 
about | u*, radiation from a half sphere with a 
diameter of about 4 » due to scattered radiation 
was registered. Therefore, the analytical results for 
the different parts of the structure varied within 
certain limits as the beam usually covered more than 
one phase or concentration region. The results are 
at present to be regarded only as an indication of the 
segregation as well as of the composition of the 
phases, but some conclusions may be of interest. 


Conclusions 


1. Chromium segregates in the structure and is 
concentrated in streaks that after annealing appear 
dark in etched sections (alkaline picrate) due to a 
concentration of cementite particles in these regions. 
This agrees well with the results from chemical 
analysis of carbide isolates from ball-bearing steel 
by Westgren er al.* who concluded that in an 
annealed ball-bearing steel about nine-tenths of 
the chromium content is contained in the carbide. 
The electron probe technique seems to be excellent 
for following segregation of this type. 


2. The large carbide part: les by Westgren et al.* 
called ‘ double carbide ’ or ‘ carbide accumulations ’ 
and assumed to be (Fe, Cr),C have a much higher 
chromium content than 18°,, which seems to be the 
maximum amount observed, if chromium replaces 
iron in cementite. However, the formula cal- 
culated for a carbide containing 34 weight °,., of 


TABLE 2. Chromium and iron content of the possible 
carbide phases if the chromium-iron ratio is assumed to be 
34 : 56, as compared with the observed composition of 
‘carbide accumulations.’ The limits for the chromium 
content of the different carbides according to literature 
are given in the last column 








Cr- 














Carbide phase Cr Fe content 
Fe, Cr),C (calc.) . : 35-3 57-9 O- 18* 
(Cr, Fe);C, (calc.). . 34-5 56-9 28—100° 
(Cr, Fe) C, (calc. 35-6 58-9 65-—100* 
~Carbide_accumulations ”_'_ 29-34 | 50-56 
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1 Etched section (alkaline picrate) of annealed 
ball-bearing steel specimen, showing dark segregation 
streaks, white ‘carbide accumulations’ and grey MnS 
particles. The chromium content obtained by electron 


probe analysis through point-by-potnt analysis along the 
line indicated on the section has been graphically 
represented. The results show relation between chromum 
content and segregation streaks as well as a high 
chromium content of the ‘carbide accumulation 


chromium, 56°,, of iron and the rest carbon agrees 
well with (Cr, Fe),C,. This carbide is also the 
only chromium-iron carbide where the observed 
chromium-iron ratio of 34:56 falls within the 
limits of earlier observations (table 2). We there- 
fore conclude that the ‘ double carbide ’ or ‘ carbide 
accumulations ’ occasionally found in ball-bearing 
steels is the carbide (Cr, Fe),C, and not (Fe, Cr),C. 

This observation of the nature of the ‘ carbide 
accumulations ’ is in agreement with the results by 
Bowers.° He reported that trigonal carbide (Me,C, 
begins to form when the Fe,C contains 19-20°,, of 
chromium and that the trigonal carbide can contain 
as little as 28°,, of chromium 


3. Any manganese segregations related to the 
light and dark streaks were not observed. The MnS 
particles were too narrow to allow any thorough 
analysis. The iron content observed may be due to 
surrounding phases containing iron. 

Thanks are due to Mr. N. Stahl for valuable 
assistance. 
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2. Segregation in Al-Zn-Mg 


ROLAND KIESSLING and NILS STAHL 


A MICROSCOPIC investigation of aluminium-zinc 
(5°, )-magnesium (1-2°,,) alloys, carried out at AB 
Svenska Metallverken, Finspang, had shown that 
small chrcmium additions had a marked influence 
on the microstructure of the alloys.* The area near 
the grain boundaries etched in a characteristic way 
if the alloys had a small chromium content whereas 
no such effect was found if the alloys were chromium 
free. The metallographic investigation indicated 
that chromium additions resulted in grain segrega- 
tion, a result which also has been reported by 
Rosenkranz.’ The purpose of the electron 
probe analysis was to study if any segregation 
existed, if segregation was related to the grain 
structure, and if any difference could be observed 
between alloys containing chromium and free of 
chromium. 


Experimental 

Two aluminium alloys, cast semi-continuously 
with watercooling under identical conditions at AB 
Svenska Metallverken, Finspang, were investigated. 
They had the composition given in table 3. 


TABLE 3 Composition of alloys 

Alloy 
nr Zn Mg Mn Cr Fe Si Al 
l 4-6 | 0:90 | 0-22 0-31 0-10 | Bal 
2 4-9 1:2 0-25 | 0-17 | 0:32 | 0-17 | Bal 


Specimens from the alloys in cast condition were 
prepared as for microscopic investigation, the final 
polish being done with MgO. They were not 
etched because of the danger of anomalous X-ray 
intensity effects due to the deviation from the flat 
surface of the specimen which usually is the result 
of etching. The grain structure and grain boundary 
phases were visible after polishing only. 

Several point analyses along different lines in the 
structure were carried out by means of the electron 
probe. The lines were chosen so that they passed 
grain boundaries as well as grain centres, and usually 
had a length of about 100 ». Along such a line 
about 15-25 points were investigated which means 
that the composition of the alloy was determined 
with a mean interval between the points of about 5 u. 
The finest focal spot, about | u*, was chosen. The 
elements Zn, Mg, Cr and Mn were analysed as well 
as Fe and Si in the grain boundary phases. 
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alloys 


The intensities from the different elements in the 
specimen were compared with standards of the pure 
elements. After the usual dead time and back- 
ground correction, the results were corrected for the 
main binary metal combinations (Al-Zn, Zn-Mg, 
Al-Mg) according to a formula, given by Mr. Tong 
of the firm ‘ Cameca’ and taking into consideration 
fluorescence as well as absorption effects. 


Results 

Segregation Fig. 2a and 6 give the micrograph 
and values for a linear analysis in alloy nr 2 (with 
Cr). 

In table 4 a summary of 10 similar measure- 
ments for Zn, Mg, Mn and Cr are given. 


TABLE 4 Distribution of Zn, Mg, Mn 
in alloys nr 1 and 2. Mean values of 10 different linear 
analyses for each alloy, each line covering about 20 points 


ind Cr 








Alloy Alloying Grain centres, | Grain boundaries, 
nr element mean mean 
l Zn 4-8 4-2 
Mg 0-9 0-9 
Mn 0-2 1-3 
Cr — - 
2 Zn 3-5 8-0 
Mg 0-4 3-0 
Mn 0:2 1-1 
Cr 0-17 0-12 


Although the values varied considerably for the 
different measurements, especially for alloy nr 2, 
the general trend for each linear measurement was 
the same as expressed by the mean values. 

Grain boundary phases The metallography of the 
alloys under investigation is not known to such an 
extent that complete identification of the grain 
boundary phases or a knowledge of their composi- 
tion of structure is possible at present. 

Different suggestions about their nature have 
been given.* A thorough investigation was beyond 
the purpose of the present study of the possible 
applications of the electron probe analyser. In 
addition, the grains visible were too small to allow 
a specific determination of the giain boundary 
phases as the focal spot always covered more than 
one phase. An attempt was made, however, to find 
an indication of their composition by careful 
irradiation of different grain boundary phases. At 
least three different such phases were visible by 
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2a_ Alloy nr 2 (0-17°., chromium 

Micrograph showing actuc! trace of electron beam 
(due to carbon precipitation from diffusion oil) at the 
different measuring points for a typical analysis 

The distance between the points is about 5 u 


b Variation of the zinc content of alloy nr 2 

(0-17°,, chromium) along the line shown in a. 

The grain boundaries are indicated by the letters B, 
C and D, whereas the two end points of the measuring 
line are marked by A and E 


microscopic investigation after polishing, namely a 
grey pnase, a black phase and a grey-white phase 
of which the grey lamellar phase was the main 
constituent. 

The composition found for this phase is given in 
table 5 for the two different alloys investigated. 
The values given are the mean values of about six 
different measurements for each alloy. The com- 
position and colour of the grey phase in alloy nr | 
suggests it to be ‘Al,Fe.’ If it is the same phase in 
alloy nr 2 it is more difficult to determine. It is to be 
observed that it was impossible to confine the focal 
spot to the grain boundary phase only, and, there- 
fore, the values have to be regarded only as indicat- 
ing the trend in composition. The deviation from a 
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sum of 100°, may also depend on this difficulty, 
but it is to be observed that in addition to the 
elements given in table 5 small amounts of other 
elements (up to about 0-1°,,) as well as elements 
with atomic numbers below Na may be present. 


TABLE 5 Approximate composition of the main (gre) 
grain boundary phase 





Alloy 
nr Al Zn Mg | Mn Fe Si Cr 
l 68 4 2 2 22 2 
2 55-66 | 15-8 2 2 22 2 | Tra 


In addition to the main grey phase a very fine, 
dispersed black phase and a grey-white phase were 
observed. The composition of the black phase was 
not possible to determine with any acceptable 
accuracy. It was noted, however, that it had a 
higher Mg- and Si-content than the grey phase and 
it may be ‘ Mg,Si.’ 

The grey-white phase, finally, also consisted of 
very small particles located at the grain boundaries 
The mean composition was independent of the 
presence of chromium and is given in table 6. 


TABLE 6 Approximate composition of areas rich 
in the grey-white grain boundary phase 


Al Zn Mg Mn F¢ Si Cr 


38 +8 | 50+5 | 15+5 


Because of the small particle size it was impossible 
to irradiate the grey-white phase alone. It was, 
therefore, not possible to decide whether the 
aluminium content observed was present in the 
grain boundary phase or in the matrix. The analysis 
is only to be taken as an indication that this phase 
is rich in zinc and magnesium, probably also con- 
tains aluminium, and that the elements iron, silicon, 
manganese and chromium are not present to any 
appreciable extent in the grey-white grain boundary 
phase. The phase may be the ternary phase 
* Mg,.(Al, Zn),,, reported by several authors,*: '° 
or ‘ MgZn..’ 


Discussion 


Zinc distribution The results clearly show that 
the zinc distribution in alloy nr 1 (without 
chromium) is rather homogeneous. A slight 
decrease in zinc content was noted at the grain 
boundaries. In marked contrast to this alloy nr 2 
with 0-17°,, chromium) showed a heterogeneous 
zinc distribution with marked segregation within 
the grains. High zinc concentrations were observed 
in or near the grain boundaries and concentrations 
lower than the mean zinc concentration of the alloy 
in the grain centres. It is to be noted that part B-( 
of the line in fig. 2a and 6 is running parallel to a 
grain boundary and at a distance of about 3 » from 
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the boundary. The zinc content observed is con- 
siderably higher than the mean zinc content of the 
alloy. It is also to be observed that high zinc con- 
centrations are observed at grain boundaries even 
if no precipitate is microscopically visible (see, for 
instance, point D, fig. 2b). 

A study of the zinc distribution by means of 
electron probe analyses for an Al-Zn (18-9°%,,) alloy 
has been reported in the literature." An appreciable 
decrease in zinc content within a zone with a 
thickness of about 10 » along the grain boundaries 
was observed (from 18-9 to 16-4°%, zinc). The 
results for the last-mentioned alloy are thus in 
marked contrast to the results for alloy nr 2 (with 
chromium) but similar to and still more accentuated 
than those of alloy nr | (without chromium). 

Magnesium distribution The same tendency was 

observed for magnesium as for zinc. In alloy nr | 
without chromium) the magnesium distribution 
was homogeneous whereas accentuated grain segre- 
gation was observed for alloy nr 2 (with chromium), 
with a comparatively high magnesium content at 
the grain boundaries and a much lower value at the 
grain centres. 

Manganese distribution Microsegregation was 
observed for both alloys. The manganese had a 
strong tendency to concentrate at the grain boun- 
daries for the alloy without chromium as well as for 
the alloy with chromium. 

Chromium distribution Chromium seemed to be 
homogeneously distributed in alloy nr 2 and no 
marked segregation was observed. The small 
chromium content makes the difference between 
grain centres and grain boundaries (0-17 respec- 
tively 0-12°,,) insignificant, as the accuracy of the 
electron probe at these small concentrations is 
rather low. 

Grain boundary phases 
the electron probe analysis for determining the 
composition of the grain boundary phases is low and 
the knowledge of the phases incomplete, some 
observations seem to be worth noticing. 


From table 5 it is evident that the effect of 


chromium on the zinc content of the main grey 
grain boundary phase is the same as for the main 
structure, i.e. an increase in zinc content for the 
chromium-rich alloy. A higher aluminium content 
corresponds to a lower zinc content, and, therefore, 
it seems as if the zinc atoms substitute aluminium 
atoms. The magnesium content is too low to allow 
any conclusions. An important observation is that 
the phase contains iron to about 22°, in both the 
alloys. Iron is not present as an alloying element 
but only as an impurity. Also silicon was found. 
The influence of these impurities may, therefore, be 
much greater than indicated by the chemical analysis. 

It is also evident that the composition of the 
different phases given in earlier investigations and 
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more or less accepted, e.g. Al,Fe, MgZn,, Mg,Si, 
only is to be regarded as the ideal composition giving 
the general lattice type and structure of the phases. 


General comments 


The results have shown that electron probe X-ray 
microanalysis is an excellent method for studying 
microsegregation in aluminium alloys if the content 
of the alloying element is high enough (more than 
about 0-25°,,). Point by point analyses along lines 
in the structure can be carried out with point 
distances of 5 u or even less and the variation of the 
concentration along these lines may thus be obtained 
with a good accuracy. 

A discussion of the results from a metallurgical 
point of view is beyond the purpose of this article. 
Alloys of a similar composition were studied by 
Dix. He investigated a 75S alloy with the com- 
position of 5-6°,, Zn, 2-5 Mg, 1-6 Cu, 0-3 Mn, 
0-25 Cr, balance Al, and came to the conclusion 
that chromium decreases grain segregation during 
solidification. The results of the present authors, on 
the contrary, seem to indicate that chromium 
increases grain segregation of zinc and magnesium. 
Dix studied wrought material, however, whereas 
the present observations were made on cast alloys. 


An interesting observation is that although iron 
is an impurity and not an alloy constituent it is 
present in about 22°;, in the grey grain boundary 
phase. It thus probably has an influence on the 
physical and electrochemical properties of this 
phase, e.g. electrochemical potential, and may also 
be of importance to consider for such a property as 
corrosion resistance of the alloy. Also silicon 1s 
present to a notable extent. Electron probe analysis 
seems to be an outstanding method for studying 
the influence of certain impurities because of the 
possibilities to determine in which particular phase 
of a structure the impurities are concentrated. The 
results leave the impression that the influence of 
impurities due to their local action may be much 
greater than indicated by the small value from 
ordinary analytical methods. 

The authors are indebted to Mr. Bengt Strém, 
head of the laboratory of AB Svenska Metallverken, 
Finspang, for valuable comments. 
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The cold extrusion of steel 


R. A. P. MORGAN, O.B.E., M.I.Mech.E. 


The relatively new field of cold extrusion of steel is surveyed in this article* and 
its techniques discussed with many practical examples. Mr. Morgan is Engineering 
Director of the War Department. Superintendent, R. O. F. Birtley 


INTEREST IN THE COLD EXTRUSION of steel has been 
increasing of late to a degree where many drop- 
stamping concerns and manufacturers engaged in 
hot forging are anxious to know what prospects 
this new development holds out for them and also 
what competition they may face from concerns 
engaged in cold flow forging. 

The author’s concern has been engaged for some 
years now in developing cold extrusion practices 
and techniques to a degree which has unlocked 
some of the mysteries surrounding this method of 
manufacturing components and, as far as possible, 
the process and its pitfalls are described in the 
following paragraphs in an endeavour to guide 
those entering this field. Considerable economy of 
material, together with increased strength charac- 
teristics, can be achieved by cold working and 
parts can be finish tooled off the press. In large 
factories engaged in considerable machining from 
hot forged blanks, very considerable expenditure 
is incurred in the manufacture of swarf and its 
removal from the works. This swarf is an encum- 
brance to any manufacturing establishment and 
considerable tool costs are incurred in its manu- 
facture. A comparison of the cost of cold extrusion 
with standard machining methods, therefore, is 
not revealed by pro rata comparison of one method 
of manufacture against the other without including 
some factor for hidden economies, such as the 
reduction of swarf manufacture, which will also 
be achieved. 

At first glance, cold extrusion appears to be very 
attractive and should merit serious consideration. 
There are factors, however, which militate seriously 
against its development in certain fields until the 
plant manufacturer has developed presses which 
are economically suitable for the process. This 
field is in connection with long, thin-walled, 
closed-ended cylinders. For safe and accurate 


* Article based by the author on his lecture given at 
the Wolverhampton and Staffordshire College of Tech- 
nology last March at a two-day symposium on ‘ Cold 
flow forming.’ The article will be continued in next 
month’s issue of METAL TREATMENT 


working at the present time, and with presses 
currently available, the cold extrusion expert is 
faced with the fact that punch loadings are so high 
that their length should be kept down to no more 
than three times their diameter and cross-sectional 
area reductions of no more than 50°,, should be 
aspired to. It follows, therefore, that unless 
presses are designed which are automatic in 
sequence and will follow one extrusion operation 
by another, each doing a portion of the work, and 
finally following with one or more draw operations 
—cold extrusion of such components as specified 
cannot compete economically against high-speed 
machining of bar or tube stock. That is the 
position which cold extrusion specialists are facing 
up to today. The plant available has not been 
designed for this class of work and is therefore 
not economically suitable, but the day will certainly 
come when press manufacturers will design and 
market suitable presses in this country. Unfor- 
tunately in that respect we are lagging behind our 
competitors overseas who are already meeting this 
requirement. Presses are available, however, for 
the manufacture of other types of components 
where the economies to be achieved are much 
greater. Such components as buffer cylinders, 
gear blanks and the upsetting of bar stock can be 
economically achieved in a safe and certain manner 
provided the designer is prepared to turn his 
attention in that direction. 

Crude hot forgings requiring the removal of 
scale and considerable machining will undoubtedly 
give way to cold or warm extrusion, or a com- 
bination of both, with finished surfaces direct from 
the tooling employed and considerable economy of 
material and labour can result. 


Preparation for cold extrusion 

Although it can be claimed, and indeed practised 
also in certain jobs, that more than one extrusion 
operation can be effected without an interstage 
anneal, it is not always practicable to do so 
without considerable ‘down’ time due to scoring 
or galling of the extrusion dies and, because of the 
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considerable capital investment in the plant, every 
moment of active production time is valuable. In 
small plants it is, therefore, often normal practice 
to carry out an anneal, followed by a combined 
pickle, rinse, phosphate, rinse and _ lubricate 
operation before each cold extrusion or cold draw. 

These operations can be very expensive in their 
direct labour costs unless fully automatic plant, 
which can be bulk loaded, be specially purchased. 
Although this means more capital investment 
which has to be amortized or depreciated against 
the product cost, it is a wise investment in the 
long run in so far as the combined operation can be 
carried out relatively cheaply, as often as may be 
necessary and, moreover, the plant can be arranged 
to rock or tumble the components, which is very 
important if even phosphate and lubrication coatings 
are to be produced. 

It is found to be an advantage generally to com- 
mence cold extrusion from billets produced from 
hot-rolled bar. The reasons are as follows. Firstly 
the material is cheaper than turned or cold-rolled 
bar. Secondly the material is already in a condition 
where it will withstand a certain amount of cold 
work without an annealing operation. Thirdly, the 
first degree of cold work placed upon the billet can 
be arranged to size it to the die for the first major 
extrusion operation. Fourthly, the cold work done 
on the billet in this condition makes the material 
more susceptible to easy spheroidization in the 
subsequent sub-critical anneal, and material pro- 
perly spheroidized is considered to extrude better 
than if this condition is not obtained. 


The first preparation for cold extrusion is 
obviously the cutting of the billet from bar‘stock. 
This can be achieved by sawing, shearing or parting- 
off. All three operations can produce billets which 
are reasonably volumetrically constant and it is 
usually capital and existing plant conditions which 
determine the method to be followed. For auto- 
maticity, however, in feeding into the first press, it 
is obvious that billets must be free from rags. Also 
it is essential that billets are free from tears which 
can represent unsoundness in the extruded com- 
ponent. In certain shearing operations undesirable 
tears result particularly when using hot-rolled bar 
stock. Sawing and parting-off operations always 
leave a rag or an upstanding centre pip on the 
end of the billet. Furthermore, if the sawing feed 
or the set of the blades is too coarse, objectional 
markings on the billet surface results. Trials will 
establish the right sawing conditions and the 
operation can be quite cheap, as one operator can 
be required to operate a number of saws. The 
rags and saw-cut markings can always be eliminated 
to present no problem at all, if the billets are pro- 
perly rumbled before the first sizing operation. If 
the upstanding centre pip which occurs in parting- 
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off is reasonably small, it does not present a problem 
in the extrusion operation as the centre portion of 
the billet surface does not laterally extrude very far. 
It can, however, be a nuisance in automatic feeding. 

First press operation (fig. 1) This can be called 
the ‘dumping’ operation. It follows the cutting 
and preparation of the billet and consists of squaring 
up the billet, dimpling and increasing the outside 
diameter to a size to suit free access into the first 
extrusion die. As has been stated, this can be 
carried out without annealing and usually without 
lubrication on billets from hot-rolled bar stock. 

The operation is useful in that it takes account 
of the variation in bar diameter due to the hot- 
rolling tolerance. It also corrects the inaccuracies 
inherent in sawing and shearing and es‘ablishes 
two dimensions A and B, as well as effecting a 
reasonable dimple in the top or, if the tools are 
reversed, the bottom face. At the same time the 
opposing faces of the billet are made parallel with 
each other and truly perpendicular to the die axis. 
The variation in material volume in the billets would 
be arranged to come at the top of the side walls 
and, if essential, components at this stage can be 
high-speed machined to length L. If necessary, 
an alternative base form can be produced, as shown, 
which will probably assist at some later operation. 

The prepared billet must now be annealed, 
pickled, phosphated and lubricated before the main 
extrusion operation takes place and, as these 
processing operations are usually repeated without 
variation between any two extrusions or draw 
operations, a full description of the process is 
necessary. 

Annealing This is usually carried out without 
the use of protective atmosphere at a temperature 
just below the lower critical. Thus, for ordinary 
low-carbon steels the annealing temperature would 
be about 700°C. The annealing time can be 
important. On a billet of about 1} in. dia., } h. 
anneal is sufficient to recrystallize after cold work 
and to give a certain degree of spheroidization. 
Full spheroidization is not considered absolutely 
essential for steels of the 0-2°,, C range and below. 
However, if extrusion is to be carried out on a 
0-3°,, C steel, greater spheroidization is considered 
necessary and an annealing time of up to 4 h. may 
be considered necessary. It is important to achieve 
the greatest degree of softening and if it is con- 
venient to leave a batch of work in the furnace 
overnight, then furnace cooling should be resorted 
to. Quick cooling, of course, must always be 
avoided. Controlled atmospheres are obviously an 
advantage in reducing the amount of scaling which 
occurs, but this is not essential and has never been 
carried out in the work done by the author to date. 
The hardness of the billet after annealing is norm- 
ally about 120 V.P.N. for a 0-2°, C steel and 
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135 V.P.N. for a 0-3°,, C steel and this is considered 
suitable for normal extrusions. 

Pickling This is usually carried out in a 10-15 
V/V* sulphuric acid solution with an inhibitor as 
a prevention against hydrogen embrittlement and 
also to obtain an evenly pickled surface. The 
inhibitor used by the author is Rodine III at 
a 3%, W/V* concentration. The temperature of 
the pickling solution is always 70°C. and the time 
of immersion is normally 10 min. In the pickling 
and subsequent processing operations it is important 
to rock or tumble the components in order to 
reduce as far as possible the chance of certain areas 
of surface being improperly treated. 

Rinse after pickling This is a cold running water 
rinse. Time of immersion is usually 10 min. 

Phosphating It has been found in practice that 
a phosphate coating weight of about 2,000 mg. ‘sq. ft. 


* Dilution terminology V V and W V 

V/V (volume by volume). X volumes of A are mixed 
with Y volumes of B. The unit of volume must be the 
same in both cases. An example being, say, a 6°, VV 
solution of alcohol in water. Take 6 gal. of alcohol and 
make up to 100 gal. with water, 1.e. add 94 gal 

W/V (weight by volume Indicates a difference in 
units, both weight and volume being employed. Typical 
examples being g./l., Ib./gal., oz./gal., Ib./100 gal., etc. 
A 6°, W/V solution of salt in water would consist of 
6 lb. of salt made up to 100 Ib. with water, t.e. add 94 Ib 
It is not normal to weigh water, so convert the weight to 
volume, i.e. gallons. As the specific gravity of water is 1, 
and 1 gal. weighs 10 Ib., the volume would be 9410 or 
9-4 gal. of water. 

Similarly, the volumes of other liquids are calculated 
from their individual specific gravities 
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is adequate. German practice seems to indicate 
a lighter coating than this and there are other 
advocates of a heavier coating. Both of these 
practices have been tried out but without any 
improvement. Indeed, the lighter coating has been 
found to be detrimental, resulting in pick-up and 
galling of the die. Coating weights can be increased 
up to 4,500 mg./sq. ft. by the addition of 5°, W/V 
sodium nitrate to the pickling solution. In most 
of the work carried out by the author, Bonderite 
*D’ series at 70 pointage and at 70°C. has been 
employed. The time of immersion is 10 min. 
The ‘ pointage’ referred to is a measure of the 
free acidity and is measured by titrating against 
N/10 NaOH solution. 

Phosphating the component alters the size very 
slightly and this may be of importance to the 
designer in so far as access into the extrusion die is 
concerned. In phosphating, the parent metal is 
reduced in volume somewhat and this is replaced 
in thickness by a thicker coating of phosphate. 
As a result the diameter of the billet will be larger 
after phosphating by about 0-0015 in. 

Rinsing after phosphating Two rinses are em- 
ployed, the first being a running cold water rinse 
and the second being a hot water rinse in order to 
bring the billets back up to temperature for the 
subsequent lubrication. Time of immersion is 
conditioned by the plant cycle and in both cases 
is 10 min. 

Lubrication Proprietary lubricants advised by the 
manufacturers of the phosphating process used are 
considered best. Soap lubricants such as Artic 
soap made by Palmolive Peet are also suitable, but 
there is difficulty in controlling the coating weight 
and a too thick coating often results in fouling 
of the die in any automatic feeding arrangement. 
Because of this, the author has carried out most 
development work using Bonderlube 235 in a 12 
W/V concentration. The Walterization DX lubri- 
cant associated with the DX phosphating process 
has, however, been employed with equal results. 

The temperature of the bath is always 70°C. 
and an immersion time of 5 min. is essential to 
give time for the lubricant to react with the phos- 
phate coating. It is important to ensure an even 
and thin coating of lubricant which dries off without 
tears or runs after removal from the tank. Failure 
to obtain this condition will certainly lead to 
extrusion difficulties. 

Although simple lubrication as explained so far 
has been found to be satisfactory, an improvement 
in the component surface has been found to result 
when the billets are also dusted with a high-pressure 
powdered lubricant such as Abril 10 D.S. Slight 
evidence of stretched metal on the inner surface of 
the extrusion have disappeared and, as a result, 
more continuous production runs are experienced. 
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considerable capital investment in the plant, every 
moment of active production time is valuable. In 
small plants it is, therefore, often normal practice 
to carry out an anneal, followed by a combined 
pickle, rinse, phosphate, rinse and _ lubricate 
operation before each cold extrusion or cold draw. 

These operations can be very expensive in their 
direct labour costs unless fully automatic plant, 
which can be bulk loaded, be specially purchased. 
Although this means more capital investment 
which has to be amortized or depreciated against 
the product cost, it is a wise investment in the 
long run in so far as the combined operation can be 
carried out relatively cheaply, as often as may be 
necessary and, moreover, the plant can be arranged 
to rock or tumble the components, which is very 
important if even phosphate and lubrication coatings 
are to be produced. 

It is found to be an advantage generally to com- 
mence cold extrusion from billets produced from 
hot-rolled bar. The reasons are as follows. Firstly 
the material is cheaper than turned or cold-rolled 
bar. Secondly the material is already in a condition 
where it will withstand a certain amount of cold 
work without an annealing operation. Thirdly, the 
first degree of cold work placed upon the billet can 
be arranged to size it to the die for the first major 
extrusion operation. Fourthly, the cold work done 
on the billet in this condition makes the material 
more susceptible to easy spheroidization in the 
subsequent sub-critical anneal, and material pro- 
perly spheroidized is considered to extrude better 
than if this condition is not obtained. 

The first preparation for cold extrusion is 
obviously the cutting of the billet from bar’stock. 
This can be achieved by sawing, shearing or parting- 
off. All three operations can produce billets which 
are reasonably volumetrically constant and it is 
usually capital and existing plant conditions which 
determine the method to be followed. For auto- 
maticity, however, in feeding into the first press, it 
is obvious that billets must be free from rags. Also 
it is essential that billets are free from tears which 
can represent unsoundness in the extruded com- 
ponent. In certain shearing operations undesirable 
tears result particularly when using hot-rolled bar 
stock. Sawing and parting-off operations always 
leave a rag or an upstanding centre pip on the 
end of the billet. Furthermore, if the sawing feed 
or the set of the blades is too coarse, objectional 
markings on the billet surface results. Trials will 
establish the right sawing conditions and the 
operation can be quite cheap, as one operator can 
be required to operate a number of saws. The 
rags and saw-cut markings can always be eliminated 
to present no problem at all, if the billets are pro- 
perly rumbled before the first sizing operation. If 
the upstanding centre pip which occurs in parting- 
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off is reasonably small, it does not present a problem 
in the extrusion operation as the centre portion of 
the billet surface does not laterally extrude very far. 
It can, however, be a nuisance in automatic feeding. 

First press operation (fig. 1) This can be called 
the ‘dumping’ operation. It follows the cutting 
and preparation of the billet and consists of squaring 
up the billet, dimpling and increasing the outside 
diameter to a size to suit free access into the first 
extrusion die. As has been stated, this can be 
carried out without annealing and usually without 
lubrication on billets from hot-rolled bar stock. 

The operation is useful in that it takes account 
of the variation in bar diameter due to the hot- 
rolling tolerance. It also corrects the inaccuracies 
inherent in sawing and shearing and es‘ablishes 
two dimensions A and B, as well as effecting a 
reasonable dimple in the top or, if the tools are 
reversed, the bottom face. At the same time the 
opposing faces of the billet are made parallel with 
each other and truly perpendicular to the die axis. 
The variation in material volume in the billets would 
be arranged to come at the top of the side walls 
and, if essential, components at this stage can be 
high-speed machined to length L. If necessary, 
an alternative base form can be produced, as shown, 
which will probably assist at some later operation. 

The prepared billet must now be annealed, 
pickled, phosphated and lubricated before the main 
extrusion operation takes place and, as these 
processing operations are usually repeated without 
variation between any two extrusions or draw 
operations, a full description of the process is 
necessary. 

Annealing This is usually carried out without 
the use of protective atmosphere at a temperature 
just below the lower critical. Thus, for ordinary 
low-carbon steels the annealing temperature would 
be about 700°C. The annealing time can be 
important. On a billet of about 1} in. dia., ? h. 
anneal is sufficient to recrystallize after cold work 
and to give a certain degree of spheroidization. 
Full spheroidization is not considered absolutely 
essential for steels of the 0-2°,, C range and below. 
However, if extrusion is to be carried out on a 
0-3°,, C steel, greater spheroidization is considered 
necessary and an annealing time of up to 4 h. may 
be considered necessary. It is important to achieve 
the greatest degree of softening and if it is con- 
venient to leave a batch of work in the furnace 
overnight, then furnace cooling should be resorted 
to. Quick cooling, of course, must always be 
avoided. Controlled atmospheres are obviously an 
advantage in reducing the amount of scaling which 
occurs, but this is not essential and has never been 
carried out in the work done by the author to date. 
The hardness of the billet after annealing is norm- 
ally about 120 V.P.N. for a 0-2°, C steel and 
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135 V.P.N. for a 0-3°,, C steel and this is considered 
suitable for normal extrusions. 

Pickling This is usually carried out in a 10-15' 
V/V* sulphuric acid solution with an inhibitor as 
a prevention against hydrogen embrittlement and 
also to obtain an evenly pickled surface. The 
inhibitor used by the author is Rodine III at 
a 4°, W/V* concentration. The temperature of 
the pickling solution is always 70°C. and the time 
of immersion is normally 10 min. In the pickling 
and subsequent processing operations it is important 
to rock or tumble the components in order to 
reduce as far as possible the chance of certain areas 
of surface being improperly treated. 

Rinse after pickling This is a cold running water 
rinse. Time of immersion is usually 10 min. 

Phosphating It has been found in practice that 
a phosphate coating weight of about 2,000 mg. sq. ft. 


* Dilution terminology V V and W V 

V/V (volume by volume). X volumes of A are mixed 
with Y volumes of B. The unit of volume must be the 
same in both cases. An example being, say, a 6° VV 
solution of alcohol in water. Take 6 gal. of alcohol and 
make up to 100 gal. with water, 1.e. add 94 gal 

W/V (weight by volume). Indicates a difference in 
units, both weight and volume being employed. Typical 
examples being g./l., Ib./gal., oz./gal., Ib./100 gal., etc. 
A 6°, WV solution of salt in water would consist of 
6 lb. of salt made up to 100 lb. with water, 1.e. add 94 Ib 
It is not normal to weigh water, so convert the weight to 
volume, i.e. gallons. As the specific gravity of water is 1, 
and 1 gal. weighs 10 lb., the volume would be 94/10 or 
9-4 gal. of water. 

Similarly, the volumes of other liquids are calculated 
from their individual specific gravities 
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is adequate. German practice seems to indicate 
a lighter coating than this and there are other 
advocates of a heavier coating. Both of these 
practices have been tried out but without any 
improvement. Indeed, the lighter coating has been 
found to be detrimental, resulting in pick-up and 
galling of the die. Coating weights can be increased 
up to 4,500 mg./sq. ft. by the addition of 5°,, W/V 
sodium nitrate to the pickling solution. In most 
of the work carried out by the author, Bonderite 
*D’ series at 70 pointage and at 70°C. has been 
employed. The time of immersion is 10 min. 
The ‘ pointage’ referred to is a measure of the 
free acidity and is measured by titrating against 
N/10 NaOH solution. 

Phosphating the component alters the size very 
slightly and this may be of importance to the 
designer in so far as access inte the extrusion die is 
concerned. In phosphating, the parent metal is 
reduced in volume somewhat and this is replaced 
in thickness by a thicker coating of phosphate. 
As a result the diameter of the billet will be larger 
after phosphating by about 0-0015 in. 

Rinsing after phosphating Two rinses are em- 
ployed, the first being a running cold water rinse 
and the second being a hot water rinse in order to 
bring the billets back up to temperature for the 
subsequent lubrication. Time of immersion is 
conditioned by the plant cycle and in both cases 
is 10 min. 

Lubrication Proprietary lubricants advised by the 
manufacturers of the phosphating process used are 
considered best. Soap lubricants such as Artic 
soap made by Palmolive Peet are also suitable, but 
there is difficulty in controlling the coating weight 
and a too thick coating often results in fouling 
of the die in any automatic feeding arrangement. 
Because of this, the author has carried out most 
development work using Bonderlube 235 in a 12 
W/V concentration. The Walterization DX lubri- 
cant associated with the DX phosphating process 
has, however, been employed with equal results. 

The temperature of the bath is always 70°C. 
and an immersion time of 5 min. is essential to 
give time for the lubricant to react with the phos- 
phate coating. It is important to ensure an even 
and thin coating of lubricant which dries off without 
tears or runs after removal from the tank. Failure 
to obtain this condition will certainly lead to 
extrusion difficulties. 

Although simple lubrication as explained so far 
has been found to be satisfactory, an improvement 
in the component surface has been found to result 
when the billets are also dusted with a high-pressure 
powdered lubricant such as Abril 10 D.S. Slight 
evidence of stretched metal on the inner surface of 
the extrusion have disappeared and, as a result, 
more continuous production runs are experienced. 








metal treatment 
and Drop Forging 


Dusting with such a powdered lubricant, however, 
introduces complications firstly in the application 
and, secondly, in the loading of the die, which is 
caused by a coating of this lubricant packing 
solidly on the die bottom. 

Second press operation—backward extrusion (fig. 2 
This follows as the next press operation after 
dumping. The degree of cross-sectional area 
reduction is important in the maintenance of 
continued runs. The most heavily loaded tool is 
the punch and with a 50°, cross-sectional area 
reduction, punch loading is of the order of 120 
tons/sq. in. (plus). Loading curves show that the 
extrusion pressure is almost immediately employed 
which slightly increases as extrusion proceeds. 
The extrusion should not proceed beyond a base 
thickness (71) which is equal to the wall thickness 
T) otherwise shear effects occur in the side wall- 
base junction and punch loading increases consider- 
ably. However, a thinner base can be achieved 
over part of the base area by arranging for an 
upstand in the die-pad. 

As extrusion load comes on to the tooling the 
effect is as follows. The punch swells slightly 
and evidence seems to indicate that more swell 
occurs at the first } in. of length from the nose. 
The die expands elastically at the mouth and as 
extrusion proceeds the mouth diameter tends to 
recover its original diameter while the die is forced 
to expand lower down. If this effect is considered 
at near the end of extrusion it will be observed that, 
with a parallel die, the wall thickness of the extruded 
component near the base is greater than the annulus 
between the recovered mouth of the die and the 
punch shank. This gives a choke effect which 
increases the load on the punch and is therefore to 
be avoided, if possible, by tapering the die, allowing 
the mouth diameter to be larger than the base 
diameter. Because of this effect it is unlikely that 
perfectly parallel components are produced. It is 
seen that the die expands under load and the 
component produced is, therefore, larger in dia- 
meter than the die at rest. As soon as the extrusion 
load is released, therefore, the component is firmly 
held in the die. The punch recovers also and is 
usually free to withdraw from the cavity. The 
component is, therefore, left in the die and has to 
be extracted by means of an extraction bolster 
operating through the pad. 

The length of the punch is very important in 
all backward extrusion operations, due to the 
column effect, which causes the punch to bend. 
If the punch is not centrally disposed and as near 
normal to the axis of the die as ingenuity can 
devise, the bending effect is more pronounced. 
For this reason, therefore, the effective punch 
length causing extrusion should not be greater than 
two and a half to three times the diameter of the 
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punch. It is claimed by some experts that central 
guiding of the punch by means of a guide collar 
which is a very close fit on the punch, the working 
allowance being of the order of 0-0002-0-0007 in., 
permits accurate backward extrusion up to five 
times the diameter. The experience of the author, 
so far, is that the mechanics of locating the loose 
collar with the die, in order to maintain absolute 
exactitude of location which is required, makes 
this arrangement very difficult indeed and tooling 
up becomes very expensive, so that before embark- 
ing on such a proposal this aspect requires very 
close examination indeed. 

Feeding and extraction should be automatic and 
the components collected in a workbox for a sub- 
sequent anneal pickle, phosphate lubricate and 
a further operation which can be either a draw or 
a forward (Hooker) extrusion. 


Accuracy and the choice of method in a 
two-operation job 

It is important to remember that it is frequently 
impossible to cold extrude a steel component in 
one operation and, when the economics of the 
operation are compared with the cost of high-speed 
machining operations where an 80 to 85°, efficiency 
of running time can be expected, there is often very 
little to spare in favour of cold extrusion. To be 
an economic success, therefore, it is essential for 
all interstage operational processes to be carried 
out at high speeds, and this demands complete 
reproducibility of component and complete accuracy 
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f relationship between one operation and another. 
A simple example to consider is that of a long 
closed-ended cylinder which is too long to extrude 
in one operation due to the fact that a long punch 
will tend either to wander or to bend. After the 
preliminary dumping which would be carried out 
as already described, such a component would 
possibly be produced in two main press operations, 
viz. either 

Method 1 (fig. 3 a) Backward extrusion 
operation followed by (6) forward (Hooker 
extrusion operation, or 

Method 2 (fig. 4) (a) Backward extrusion 
followed by (6) draw operation. 

At first glance Method 2 would be favoured 
because of the fact that the draw operation succeeds 
in drawing all the metal into the wall, whereas 
the Hooker operation always leaves a skull of 
metal which has to be wasted, but this may not 
be practicable. The two methods referred to are 
illustrated in the accompanying figures. Unless 
there is a continuance of the initial and complete 
accuracy demanded from the first setting, very 
inaccurate components will be produced which 
cannot be salvaged. Accuracy must, therefore, be 
insisted upon at all stages from the preparation of 
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the billet which must be volumetrically reproducible 
within very close limits and through all interstage 
operations. 

Such accuracy as is required, however, can 
never be obtained if the press is not accurate in 
itself under extrusion loads. Experience to date 
leads to a very serious doubt as to the accuracy of 
presses even under static conditions and has made 
it necessary to line up presses to as near perfection 
as possible before permitting any tools to be 
mounted. Any inaccuracy in alignment of punch 
with die will cause a punch hardened up to 65-67 
R.c. to shatter and this effect may force designers 
to use a softer punch with consequent lower tool 
life. If the backward-extrusion punch is not 
accurately centred in the die, the wall thickness 
will not be constant and this cannot be corrected 
by the subsequent draw or Hooker operation. If 
the depth of backward extrusion varies, the proper 
location of the component produced in relationship 
to the punch and die in the subsequent operation 
is not maintained and this very often results in 
undesirable effects such as overstrain on the 
metal. It must be accepted that billets cannot 
always be exactly the same volumetrically and 
allowance must be made for this in the design of 
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the first operation. A decision has to be made as to 
whether the top or the bottom of the component 
produced in this operation may be allowed to vary. 
It is usually found that the dimensions X-Y are 
very important and should be maintained. 

A decision has also to be made as to whether 
the annular surface on the top of the component 
has to be accurately tooled or the thickness through 
the base. If Method 2 is used, which requires a 
* draw ’” operation to follow the backward extrusion, 
it would appear that the base thickness would be 
most important, as the operation of backward 
extrusion can eliminate any further machining of 
the base. After the draw operation it then becomes 
only necessary to trim the mouth to a specified 
length. If Method 1 is used, however, it is impor- 
tant to accurately tool the annular surface at the 
top of the component. If this is not done the 
Hooker operation which follows the backward 
extrusion wil! not be balanced and the component 
will be bent notwithstanding the parallel guide-bore 
which follows the extrusion die. Considerable 
accuracy in the formation of the working surface 
of the extrusion die for a Hooker operation is also 
required if this undesirable effect of bent com- 
ponents is to be avoided. These undesirable effects 
do not occur to anything like the same degree in 
a ‘ draw ’ operation, as the inaccuracies are allowed 
to go free into the side-wall length. For this 
reason also, as well as the fact that a draw-die is 
much simpler and cheaper to produce, a draw 
operation as per Method 2 is normally favoured. 


Plant costs 

In carrying out an assessment of the economics 
of the cold-extrusion process the question of plant 
costs looms as a very important factor. Special 
consideration must be given to the press design, 
which must be robust to an unusual degree. 

Once purchased, a press must be capable of 
being employed on many different types of opera- 
tions and therefore the press characteristics must 
be sized on a generous scale both as regards physical 
size and tonnage. The speed of operation is of 
very great importance as it is obviously more 
economical to pay £40,000 for a press operating at 
15 strokes/min. than £30,000 for a press operating 
at eight strokes/min. Presses are, im any case, so 
expensive in first costs, that very large outputs are 
required in order to have a reasonable amortization 
or depreciation rate per component. A press 
working at 15 strokes/min., however, will produce 
31,680 components in a 44-h. week if working at 
80°, efficiency, and few concerns have orders to 
place of this magnitude. Ifa 15-strokes/min. press 
is purchased, therefore, complete sub-press tool 
sets should be designed which can be removed and 
replaced by another such tool set for a different 
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component inside an hour. It may be argued that 
the figure of £40,000 for such a press is higher 
than present-day prices. However, the following 
typical characteristics should be borne in mind: 


Daylight (stroke down) 5 ft. 
Bed area 5 4:5 ft. 
Tonnage ne it = - 
Deflection of bed under maximum 
central load limited to 0-002 in. 
Stroke .. ; x io oa 
Bottom extraction Top extraction 
Stroke 12 in. min. Stroke 8 in. 
Power 100 tons Power 50 tons 


A mechanical press of this type should be of the 
double-geared eccentric-operated type or have two 
crankshafts in order to balance the application of 
load over the ram area. The ram should be of 
very deep construction and very accurate guiding 
must be a feature. Lineability of the ram platen 
with the press bed should be very accurate indeed 
and no more than 0-001 in. out of parailelism 
over the whole bed area should be allowed. With 
a press to these characteristics a sub-tool press set 
with automatic indexing can be designed which 
will fit accurately and easily into position permitting 
quick changing of tool sets. 

Such a sub-press tool set incorporating six 
stations in itself would cost about £4,000 and such 
a tool set could be expected to carry out all cold 
working operations required including drawing to 
an approximate finished length of 10 in. In a 
six-station automatic tool set, two feeding stations, 
two backward extrusions and two draws could be 
accommodated so that a duplicate of a three- 
operational tool set could be provided and double 
the number of components produced per unit of 
time. 

If all six stations are to be employed to produce 
one component it is clear that four extrusion 
stations are being employed. That being the case, 
very careful sequence of operations will have to be 
planned in order to take account of the maximum 
workability of the steel. In this connection, 
reference is made to the peculiarities of preferential 
extrusion of the material occurring in a simple 
backward extrusion from which it will be noted 
that the base surface and areas local thereto extrude 
the least in this operation, whereas areas of the 
top surface which subsequently form the cavity 
extrude the most. It will be quite clear to all 
readers that unless the whole of the six stations 
are fully employed there is wasted effort by the 
press. The accuracy of guiding required in the 
ram of such a press is obvious from the fact that 
six stations will be employed and there will be 
some unequal loading and consequently preferential 
straining of the ram face. 

The preference for a mechanical or hydraulic 
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press 1s probably vested in a number of con- 
iderations. The following are worthy of note: 
he number of strokes per minute, power required, 
the type of operation to be carried out and plant 
ost. Hydraulic presses may be considered as 
being kinder to the tools and particularly to the 
vunch in the long run. The crank angle effect of 
mechanical press after some time in use, when the 
udgeon bushes and eccentric sheaves are showing 
gns of wear, can be disastrous to a punch which 
already locked in a component in so far as the 
irow-over of the ram against the gibs effects a 
ending movement on a punch locked at each end. 
or that reason, therefore, the adverse press effects 
vhich can be present in a mechanical press after 
ome years of use should be eliminated by making 
he sub-tool press sets complete in themselves and 
nost rigidly guided. 

Having discussed the main press at some length 

id reasoned regarding its cost of £40,000 plus 

1,000 for tooling, attention can now be given to 

e other equipment required. 

Saws Based upon 3-4 min. operational time 

1 80°, efficiency, 12 saws would be required 

hich would represent a capital investment of 

rout £10,000. 

Rumblers About four rumblers valued at £2,000 
would be needed. 

Che weight of material handled per hour assum- 
ing billets 14 in. dia. by 2} in. long is about 1,820 Ib. 

Furnace A suitable furnace to anneal these up 

a maximum of 750°C. would cost something 
ke £18,000. 

Pickling, rinsing, phosphating and lubricating plant 
An automatic plant for this incorporating tumbling 
barrels would cost about £10,000. 

Total plant costs 


£ 
Twelve saws or one shearing press .. 10,000 
Four rumblers a “ avi 2,000 


One furnace os - 18,000 
One processing plant “% .. 10,000 

One press fog dumping with automatic 
feeding gear 12,000 
One extrusion press ai .. 40,000 
One sub-press tool set he .. 4,000 
£96,000 


Plant amortized over eight years at 60°, efficiency, 
48-week year—plant amortization works out at 
3-10d./component. 


Punch material 

Realizing that the success of any cold extrusion 
process lies very largely in the life of the punch, 
the first material employed by the author was 
high-speed steel because of the high compressive 
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loads which it can be expected to withstand. It 
was found, however, at that time that punches in 
H.S.S. of the high-tungsten type could not be 
relied upon and they frequently shattered. It is 
not certain, at this stage, how much this adverse 
effect was due to inaccurate lineability as, since 
that time, various inaccuracies have been found in 
the presses employed and in large measure these 
have now been corrected. Even so, failures still 
occur in the early life of the punch and have been 
attributed mostly to inaccurate setting up in the 
first trials. As a result it is now standard practice 
to use setting masters as a gauge to the accuracy of 
initial tool setting. The failure of H.S.S. punches, 
however, turned attention to the use of alternative 
steels and production continued with the use of 
2°,, C, 12°,, Cr steel, the characteristics of which 
are included hereunder. Punch life, however, is 
still variable, although much longer runs of up to 
8,000 components/punch were being obtained. 

Nominal composition: 2°, C, 13°, Cr. Other 
elements are not normally specified or published 
but would be in the order of 1°, each Si, Mn and 
Ni. S and P would be approximately 0-030°,, each. 

Hardening Usually by oil quenching from 
950-980°C. after slow preheating first to 700-750°C. 
to avoid thermal shock. 

Small sections will air harden (up to about | in. 
dia.), but in this case it is usual to increase the 
hardening temperature to about 1,000°C. 

Water or brine quenching would result in: (a) 
Severe cracking; (6) a marked reduction in hardness 

continued on page 400 
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Metallurgical education 


sir: The unusual manner in which the Institution 
of Metallurgists has introduced a revision of its 
metallurgical education scheme, referred to in a 
letter by A. D. Hopkins and in the editorial of the 
May, 1961, issue of METAL TREATMENT, has been 
received with some anxiety by many members of 
the profession. 

The revisions have appeared, apparently, without 
any open criticism or comment during their pre- 
paration from a sufficiently widely representative 
section of industrial and teaching metallurgists 
Although a meeting to consider the revised sylla- 
buses has now been suggested for November, 1961, 
by this time the first-year courses of the new scheme 
for the L.I.M. will be well under way in most 
colleges. It would seem unlikely, anyway, that any 
fruitful modifications will be forthcoming from 
such a limited assemblage of opinions, unless 
directed by a clear statement, from a fully informed, 
authoritative and representative body, as to what 
are the objectives and policy for present-day, 
national metallurgical education. 

The last report of the Joint Committee on Metal- 
lurgical Education appeared nine years ago. It is 
not improbable, therefore, that conditions have 
sufficiently changed to warrant a further revision 
of the committee’s recommendations. For example, 
in 1952 one of the conclusions in their report was 
that: ‘ Nothing has emerged from the present 
survey to shake the committee’s opinion that the 
universities are the chief source of high-grade 
metallurgical technologists, and it doubts whether 
any other source of equal value can be developed ’ 
(para. 58, page 52)—surely a statement that is 
continually being refuted by many industrialists 
and by those engaged in advanced technological 
education. 

At the present time, the overall pattern of 
national metallurgical education appears jumbled 
and confused. This has not been clarified by the 
Institution of Metallurgists’ attempt to produce an 
ordered system which has not been developed 
from a wide enough range of opinions. No exten- 
sive research has been recently made to determine 
what industry requires, and what universities and 
colleges of technology can offer in metallurgical 
education, that will equip metallurgists of the 
future with the ability to apply fundamental 
principles to the solution of practical problems. 

Why not now reform the Jomt Committee on 
Metallurgical Education with a wider representation 
of teaching and industrial metallurgists? Its task 
should then be two-fold, to determine: (1) What 
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academic and practical knowledge is required by 
various industries from a newly-trained metal- 
lurgist, (2) how may technical colleges and 
universities best equip their respective students 
with that knowledge; especially taking into con- 
sideration all the possibilities of specialization for 
particular industrial regions. Only when this 
information is available will any attempt to revise 
metallurgical education syllabuses be practicable 
along constructive, purposeful lines. 


R. ROLLS 


The Manchester College of Science and Technology 
Department of Chemical Engineering, Fuel 
Technology and Metallurgy 

October 2, 1961. 


Cold extrusion of steel 
concluded from page 399 


due to retained austenite. Some of the austenite 
would be transformed on tempering, but the overall 
effect would be to give a very much flatter curve 
than that below but at a lower level commencing 
at 50-55 R.c. in the hardened condition. 

Tempering Hardness/tempering temperature 
relationships are given in fig. 5, which shows the 
range of hardness to be expected. 

Temper to obtain a hardness of 750 V.P.N. 

In the meantime, certain high-silicon steels were 
designed and patented and the first punch in this 
type of steel yielded 12,000 components before the 
punch failed due to wear on the nose. Meantime, 
Cu-Si-Mo-V steels have been developed which 
show interesting and more superior characteristics. 
It was intended to carry out further development 
work on these steels but fortune, in the way of 
further trials using 5°,, Mo H.S.S., yielded such 
considerably improved results that further work on 
other steels was discontinued. After further tru- 
ing up of the tool set, it was found that the 5°,, Mo 
H.S.S. punches produced 60,000 components 
before failure. 

Attention has also been given to the manufacture 
of tungsten carbide punches, and certain designs 
are in the process of manufacture. Very consider- 
able benefit can be derived from the successful use 
of tungsten carbide, not only because of the 
increased wear characteristics, but also because its 
Young’s modulus is so much higher. Longer 
extrusions should be possible because the column 
effect upon the punch will be reduced. These 
developments have not so far been concluded. 


to be continued 
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The following notes summarize some recent American experience in the shaping of 
complex parts and difficult materials by explosive forming. As well as discussing 
forming by means of the detonating type of charge, a related technique relying on a 


combustible gas mixture 1s 


described. This technique, whilst still giving high 


forming rates, is much more controllable than high explosives, and has the added 
advantage of presenting less difficulty in siting 


MANY DEVELOPMENT PROGRAMMES have been con- 
ducted to evaluate explosive forming, and the 
results have provided data which permit design 
engineers to consider it as a useful production 
process. At Ryan Aeronautical Co.,* for example, 
47 different types of shapes or configurations in 
numbers ranging from 25 to as high as 1,000 parts 
have been produced. In both production and 
development a total of 250 configurations have 
been formed. 

The success of explosive forming stems from 
these principal advantages: 

1) The size of explosively formed parts is not 
restricted by present facilities and equipment, but 
by other factors such as the size of dies and available 
sheet and the ability to handle the die and the 
material. 

2) Sufficient pressure and capacity for forming 
the strongest of our new superalloys is available 
through explosive forming. 

3) Explosive forming utilizes speeds up to 
hundreds of feet per second compared to conven- 
tional machines which form metals at speeds up 
to 5 ft./sec. The use of high- and low-pressure 
explosives can be varied to regulate the forming 
speed. 

4) Parts have been consistently produced to 
within 0-001 to 0-002 in. of the die because there 
is no spring-back. Of the hundreds of dies made 
for this technique, not one has been machined to 
allow for spring-back. 

(5) On most explosive-formed configurations, 
thinning is no problem. When forming is severe, 
it can usually be accomplished by a combination 
of explosive forming and chemical milling. 

Design engineers may find this new technique 
particularly valuable for forming unusual bulges 
and shapes not readily formed by other means, for 
combining several parts into one piece, where a 


* F. A. Cox, Manager, Mfg. Research & Development, 
Ryan Aerospace, Div. of Ryan Aeronautical Co., San 
Diego, Calif. Metal Progress, August, 1961. 


combination of explosive forming and heat treating 
would be required to get the desired yield strengths, 
and in making parts which would be impossible 
and impractical to form with a die and punch. 


Designing for explosive formingt+ 

In the early stages of explosive forming its most 
important use was in production of parts which 
were very difficult or expensive to form by con- 
ventional methods. Although the large forces 
attainable with explosives give the method a definite 
advantage in forming some parts of this type, the 
greatest advantages lie in making parts specifically 
designed for explosive forming. There is, for 
example, no advantage in explosive forming for 
long production runs or parts which are designed 
for and easily formed on conventional equipment. 
However, it may be used to form a completed 
assembly in place of a number of subassemblies; 
here it shows definite economic advantage. 

A major consideration in designing for explosive 
forming is the characteristics of the material from 
which the part is to be made. Some knowledge of 
the relative formability of each new alloy—com- 
pared to some basic metal—is a great aid when 
considering the potential of explosive forming for 
making a part. Data of this kind are not intended 
to indicate what metals can and cannot be explo- 
sively formed; they do, however, shed some light 
on the relative weight of explosive charge required 
for various materials. 

Probably the most important item for the de- 
signer who is considering explosive forming is the 
explosive charge. The explosive is merely a source 
of energy—the same as supplied by any forming 
machine. However, because of their nature, ex- 
plosives provide a highly concentrated source of 
energy. For example, a 2-oz. charge will do the 
work of a 10-ton press on a small part, and the 
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V¥. H. Monteil, Research Department, Rocketdyne, 
Div. of North American Aviation Inc., Canoga Park, 
Calif. Metal Progress, August, 1961 
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work of a 40-ton press on a part twice as large 
Furthermore, explosives can be put into a very 
small space (as small as 0-1-in. inside diameter) to 
accomplish this work. The explosive may be 
placed in almost any position to form the part as 
desired. 

In its present state of development the forming 
cycle for explosive forming is usually longer than 
that required on conventional machines, particu 
larly for long production runs of small, simple 
parts. However, as the number of parts decreases 
and the size increases, the cost of explosive forming 
remains nearly constant while the cost per part for 
conventional forming goes up appreciably. This 
is especially true for parts requiring matched male 
and female dies for conventional forming. Only a 
single female die is required in the explosive 
technique. 

For normal explosive forming operations the 
ordinary limits of material elongation and minimum 
bend radii may be used as a rule of thumb. Material 
thinning is generally similar to that obtained during 
conventional forming except that more control is 
possible. Quite often it is possible to gather 
material or to apply a more uniform load to a 
workpiece during explosive forming. Thus, thin- 
ning of a deep part can be reduced and sections of 
nearly uniform thickness can be made. 


Ordinary tolerances for explosive forming are of 


the order of +-1/32 in. Such parts can be formed 
quite rapidly and easily. Close tolerances down 
to + 0-001 in. are also easily obtained, but a longer 
forming cycle and better dies are needed. 


Explosive forming with combustible gas 
mixtures 

In forming with explosive gas mixtures, the 
detonating type of explosive charge is replaced 
with a mixture of combustible gas and oxygen. 
The die is completely sealed, the combustible 
mixture is then fired, and the part is formed by 
the resulting pressure build-up. 

Work on this method of forming began at Boeing 
Airplane Co. early in 1960;+ it is aimed at over- 
coming some of the limitations of conventional 
explosive forming in which solid explosives are 
used. For example, some materials and shapes, 
particularly in the thin gauges, present a forming 
problem when detonating types of explosives are 
employed. Part fracture can occur unless forming 
is done with a smal! amount of explosive, or unless 
the explosive charge is moved away from the work- 
piece. Conversely, if the amount of the explosive 
is too smail, it may not fire, and if the charge is 
too far away, it is difficult to obtain uniform form- 
ing pressures. A technique is required which 
provides lower forming rates and pressures that 
can be better controlled than high explosives; it 
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must, however, retain the advantage of rapid 
forming rates. The use of combustible gas mixtures 
appears to be a solution to the problem because 
the forming rates which result are still high com- 
pared to those encountered in conventional form- 
ing, but are less than those produced by detonating 
explosives. 

Advantages of explosive gases Combustible gas 
mixtures have several apparent advantages. For 
one thing, the gas fills the cavity and provides 
intimate contact with the workpiece. This is an 
ideal shape for a charge. The die chamber can be 
quickly recharged and fired. In addition to slower 
burning rates than obtained from detonating-type 
explosives, gas mixtures give more uniform forming 
pressures. The pressure peak is sustained longer 
and a much wider range of pressure control is 
feasible. Gas volume, the mixture ratio, and the 
initial pressure can be easily controlled, and the 
combination of Boyle’s and Gay-Lussac’s or 
Charles’ law (PVT — P’V’/T’) provides a simple 
theoretical means for relating the important factors. 
In the system chosen for development, the gas 
volume, the initial pressure and ratio of gases can 
be varied. A mixture of hydrogen, oxygen and an 
inert gas serves as the explosive. 

Experiments at Boeing At Boeing, combustible 
gas mixtures have been employed for both sizing 
and forming operations. Chzrge volumes ranging 
from } to 70 cu. ft. and starting pressures from 
1 atmosphere to 14 atmospheres have been used. 
Initially, the effects of mixture ratio and pressures 
were investigated by free forming 10-in. dia. domes 
in a standard die. Later, dies previously used for 
high-explosive forming by the submerged process 
were adapted for use with combustible gas mix- 
tures. Materials ranging from soft aluminium to 
high-strength alloys have been successfully formed. 

According to present procedure the workpiece 
is placed in the die and a vacuum drawn between 
them. The volume to be occupied by the charge 
is then purged with an inert gas before introducing 
hydrogen and oxygen. Although many mixture 
ratios are being presently tested, they have been 
consistently hydrogen-rich to minimize oxidation. 
In some instances, an inert gas has been mixed 
with the hydrogen and oxygen to dampen the 
charge and further refine our control of pressure. 
Two methods are currently being used to fire the 
charge—an electric spark or a glow plug. It now 
appears feasible that forming operations can be 
moved indoors and performed above ground. This 
compares with forming with high explosives which 
must be done at remote areas in a water pit. 


tJ. Miller, lead engineer of the explosive forming 
group, and P. Kruse, lead engineer of the advanced 
projects group of the Bocing Co., Seattle, Wash. Metal 
Progress, August, 1961. 





51 october, 1961 403 metal treatment 
and Drop Forging 
id 
es 7 . 
Costing heat-treatment operations 
n- 
ng E. P. WILSON, F.A.C.C.A. 
as 
or The importance of realistic cost ascertainment when fixing selling prices is 
les unquestioned in most industries. In this article,* contemporary ideas of costing are 
an described in the context of heat-treatment processes, and it is shown how they help to 
- provide a realistic basis for fixing selling prices when taken in conjunction with th 
pe experience of the technical staff 
ng 
yer 
iS 
the THE AUTHOR’S background to the subject of heat- looked upon the rapidly developing cost accounting 
the treatment costing has been provided by the heat- as sheer nonsense. ; : 
or treatment installations belonging to the West If accountants were to serve industry in the 
ple Midlands Gas Board at Birmingham and Coventry, difficult years of the thirties it was clear that such 
rs. and to a lesser extent by war-time experience on prejudices had to be swept away, and so budgetary 
gas accounting investigations carried out for government control, and then standard costs, were evolved, 
can departments at very many engineering firms of all more as the result of accounting research in this 
an types. The heat-treatment shops of the Gas Board country than in America, although the idea caught 
are there to give advice and also to provide a on more rapidly there " 
ble processing service which now extends to industry The second world war and the Government’s 
ing far beyond the boundary of the West Midlands insistence on costing and investigating war-time 
ing Board. They are also there to promote the sale contracts gave added impetus to the introduction 
‘om of gas. That does not mean that the Board does of improved techniques, sometimes under the now 
sed. not care whether the plant is profitable or not. familiar title of management accounting. This 
Ires It has to earn its keep regardless of the fact that does not mean that there has been a departure 
mes heat-treatment revenue is only a small percentage from the basic principle of double entry, but is 
for of the Board’s total revenue. rather a recognition that accountants have a far 
cess Gas for industrial purposes is important for any greater service to give at all levels of management 
nix- Gas Board. It is of vital importance to the West than merely to balance the books, however important 
1 to Midlands Gas Board, for over half of the total gas that may be. ; 
ned. sold in this area goes to industry and, of this In these days, management expects to be given 
1ece portion, heat treatment is quite a substantial factor. results quickly. Up-to-date assessments of the 
yeen financial position are required not several weeks or 
pe Historical considerations of accountancy months after the close of the financial year, but at 
— The practice of double-entry book-keeping was perce n gs pinay od moar wdc even though 
aoe developed in Italy in the Middle Ages, mainly as 4* = pear ree. yes ¢ used. 
oa the result of the commercial stimulus of the Renais- ie onsen e sditie . ems cows gery the main 
rae) sance, but was not used in this country until later. pra otis ee cI < — — the total 
the It was the Industrial Revolution of the last century | phic ie a linage ssagunll Baw came to 
riven which saw great strides made in book-keeping oi thew could a reece 4 7 linuited value 
: the methods, but even in the early years of this century pagar thee feraty nt ad r mat . +, answer was 
omy the accountant rarely stepped outside his profit and | paid 3 ony ws me Age asec upon normal 
» be loss account and balance sheet. Indeed, in my mace" .. a soe mo an P cep [nome sewanoe in- 
This own day as a student, I met many diehards who ~ a. ee eee forecasts or 
standards. This has the advantage of avoiding 
yhich re-examination of basic costs (some of which will 
*Article based on the lecture given by the author at be fixed in any case) and of spot lighting the 
the Birmingham College of Advanced Technology last variances which are more subject to the controlling 
rming January in the series Modern developments in the influence of the supervisory staff. 
anced theory and practice of steel heat treatment.” The author Whe . ’ . ; 
Metal is Divisional Accountant of the Birmingham Division of en we turn to heat treatment it must be 


the West Midlands Gas Board. 


admitted that accountants seem to have been shy 
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in introducing contemporary ideas, and during my 
few years on contract cost investigations I rarely 
came across anything other than rule-of-thumb 
methods. It is my impression that in many cases 
there is a groping for what is, in effect, a standard. 
There seems to be more than ordinary interest 
shown in quotations from other firms, and I suspect 
that there are times when quotes are obtained 
from other heat-treatment firms, not so much with 
the idea of giving the work out, but to find out 
whether an estimated price is reasonable. 

In most products the accountant has a great deal 
to say in price fixing, but when it comes to the 
heat-treatment industry it is somewhat different. 
My own association with heat-treatment staff has 
been a happy one, but I have visited firms where 
some resistance existed towards the offer of more 
accounting information, and where figures which 
had been provided were distrusted. It seems at 
least reasonable to suggest that there is scope for 
more co-operation. 

At this stage cost ascertainment must be dis- 
tinguished from the pricing of work for invoicing. 
This sets two main tasks. First to discuss the 
elements of cost, and secondly to apply the costs 
to selling price. 


Cost per furnace hour 

The object is to arrange costs so as to arrive at 
the cost per furnace hour. This is a figure which 
should be known, although it does not follow that 
all pricing should entirely depend on it. 

Starting with the plant, it is necessary first of all 
to group the furnaces. With very large modern 
furnaces there may be justification for taking 
individual cost. The grouping of the other furnaces 
may be simply between large and small. It is, of 
course, a question to be determined for any par- 
ticular installation. If the groups are too numerous 
some allocations of cost may be trivial, on the other 
hand, if the groups are too large, some classes of 
work may be done at an undisclosed loss. 

The direct factor of cost, such as power, can 
generally be metered and presents little difficulty. 
It is another matter when maintenance has to be 
considered. I have been impressed when speaking 
to the supervisory staff at Adderley Street by the 
difficulties that occur with work which damages 
the furnace linings. In accounting for the manu- 
facture of gas, it is the practice to put a sum aside 
for every ton of coal carbonized, and so set up 
a fund against which the cost of resetting the 
retorts is charged. This form of equalization of 
charge works well, and I see no reason why, by 
adopting this principle, every furnace hour should 
not bear a proportion of repair charge. Over 
a period of a few years, it will be seen whether the 
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fund is adequate or not, and adjustments of the 
charge may be necessary from time to time. Histo- 
rical costs provide the only real basis for arriving 
at an equalized charge unless the plant is of an 
entirely new type. 

The task of assessing charges for items such as 
boxes and pans which are used over a short period, 
or are in constant repair, can raise special difficulties 
when pans which are new take a greater number 
of units than when they are warped. Those firms 
with a regular flow of work of their own manu- 
facture can equalize this without much difficulty, 
but where it is that a heat-treatment service is 
provided it may be desirable to leave the charge 
out of the furnace hour rate and charge the class of 
work which demands boxes and pans. In practice 
this cost may not be sufficient to warrant special 
treatment, but at Adderley Street the expense is 
too large to be treated lightly, and an equalized 
charge is made for every accounting period. 

For day-to-day maintenance there mus: obviously 
be a regular charge, and this brings us to the 
question of labour. In heat-treatment operations 
it is the furnace which requires the time card and 
not the man. The man’s time can be endorsed 
on the furnace card if it is necessary to record it 
at all for costing. There will be inequalities in that 
labour may be spent loading and unloading heavy 
material, but unless this is exceptional it need not 
be taken into account. It is probable that cranes 
would have to be allocated to the larger furnace 
groups. For ins‘ance, it would be inequitable to 
load this charge on to, say, a cyanide furnace. 


Overhead charges 

On the question of overhead charges, manage- 
ments generally, and I am not thinking of the gas 
industry, give less attention to this aspect of cost 
than it deserves. When arranging costs to provide 
a unit such as cost per furnace hour, the importance 
of overhead charges may not be fully realized. 

For the moment, let us consider production 
engineering. Of the various elements of cost, 
overhead charges are often greater than either 
labour or material. It is the practice in very many 
firms to recover overhead charges as a percentage 
on labour, and the rates used vary anything between 
350-700" .,. 

In these days, items such as National Insurance, 
sick pay, holiday pay and canteens, form a sub- 
stantial element of cost before adding supervisory, 
clerical and headquarters charges. There must 
then be added an appropriation of rates, gas, water 
and electricity, telephone, stationery and printing, 
insurance, cleaning and all the items that cloak 
themselves under the heading ‘sundry.’ Then 
there are salaries and administrative charges, before 
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we come to a matter that is extremely controversial 
—depreciation. This is a subject which requires 
some consideration. 


Depreciation 


A decision has to be made between two major 
principles—whether to provide depreciation to 
replace the original cost of the plant or whether to 
provide for the cost of replacement at present-day 
values. For my own part, I would prefer the first, 
that is the historical cost basis, and there is much 
to be said for writing this off each year on the 
straight-line method. By this method, if a unit 
of plant costs £1,000, and its life is estimated at 
10 years, then the charge would be £100 each year. 
It is true that textbooks contain seven or eight 
other methods of charging depreciation, but for 
simplicity there is nothing to better the straight-line 
method, and many of the arguments in favour of 
the others break down in practice. 


We must not ignore, however, the question of 
replacement value. Since the second world war 
there has been an almost constant upward trend 
in prices and there are many who believe that 
a provision for depreciation which is based on 
original cost is inadequate. It is maintained that 
present-day costs can only be properly assessed if 
they include a charge for depreciation that is 
calculated to cover the cost of replacing the plant 
on a higher price level than the original. 


It is also argued that costs based on historical 
depreciation will increase when replacements are 
made because of the increase in the depreciation 
charge and, if this is heavy, it may not be possible 
to justify increases in selling prices which were 
based on earlier costs. There is a compromise 
which some accountants adopt when using the 
historical basis for the financial accounts but take 
the replacement basis for the purposes of internal 
costing. 


There is yet another school of thought which 
gets over the problem by revaluing assets at frequent 
intervals and constantly adjusting the depreciation 
charge. 


If it is decided to depreciate on a replacement 
basis, the difficulty with which one is at once 
confronted is ‘ What is replacement cost?’ There 
is one trade association which advises its members 
to calculate replacement value on indices published 
by the Economist. These represent the approximate 
ratio of the current price of capital to the price of 
the same or similar equipment in 1937, which is 
taken as a basic year. By using these indices all 
additions to capital equipment since 1937 can be 
reduced to the 1937 level and depreciation re- 
calculated on that basis. Based on an index of 
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100 for 1937 the present index number is some- 
where between 350 and 400. 


Now management must make up its mind about 
this, as it is a management problem as much as an 
accounting one. One of the arguments, I feel, 
against the replacement basis is that in these days 
of rapid development plant is seldom replaced by 
that of a similar type. Developments are so rapid 
that replacement may take a very different form 
than at first envisaged. On balance, therefore, 
I am against replacement basis because it fails for 
uncertainty. At the same time the challenge of 
the times must be met and one must be prepared 
to regard plant as obsolete even well before the 
end of its useful life, and I strongly suggest that 
a development reserve should be created out of 
profit margins. 

There is one further point worth making on 
the matter of depreciation. On the whole, the 
historical basis depreciation periods tend to be 
conservative, and if a unit is written off as though 
it would finish its useful life in, say, 10 years, it 
often lasts a few years longer. It is reasonable to 
continue the depreciation charge through the 
extended life and in this way a sum is being set 
aside for eventual replacement. Great care must 
be taken with depreciation charges as undue loading 
under this heading can be dangerous to a business, 
while, on the other hand, if adequate provision is 
not made the financing troubles may later be 
disastrous. 


Setting up the budget 

Having taken everything into account the pro- 
ductive furnace hours must be obtained, including 
charging, heating, cooling and emptying. Together 
with the furnace hours available in any account 
period, it is possible to arrive at furnace availability 
as follows: 

Furnace hours worked 





100 
Furnace availability 

By totalling all the charges it is clearly possible 
to divide by furnace hours worked to give the cost 
per furnace hour. Incidentally, I suggest a mini- 
mum of one month and a maximum of three 
months for the accounting periods. This allows 
provision for seasonal fluctuations. If the availa- 
bility percentage moves upwards and the hours 
worked are likely to increase, an adjustment of the 
budget will have to be made. Some charges are 
fixed whatever the output, some will vary directly, 
or almost disectly with the output, and some will 
vary indirectly. The classification of charges as 
to whether they are variable or not gives the 
budget the degree of flexibility necessary for 
efficient running. 
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It is during the formation of the budget that 
the opportunity occurs of looking at the detailed 
charges. Experience shows that it is this detailed 
analysis of every item of expense when first setting 
up budgets that finds the savings. As mentioned 
previously, overhead charges have a tendency to 
imcrease over the years and time spent on full 
review is nearly always rewarding, often to a 
surprising extent. 


Fixing selling prices 

We must now look at the problem of how this 
information is to be of assistance when charging 
out, whether to other departments of the same 
organization or to outside firms. 

In 1948, having reached the point of establishing 
the furnace hour costs in groups, we were con- 
fronted with this problem of charging. There 
were the usual factors present of putting two jobs 
in the furnace at the same time, while having the 
furnace idle at other periods. The greatest single 
asset in all this is the experience of the heat- 
treatment supervisor. The only way we could be 
sure that the selling prices based on so much per Ib. 
were making ends meet was to concentrate on a trial 
period—in this case four weeks. It must never be 
supposed that any accounting reform in a business 
can be put in overnight, and there is always a 
critical period finding out if the scheme works. 

I must say that we relied very much on the 
experience of the technical s:aff to translate cost 
per furnace hour into pence per Ib. for what I call 
*‘bread-and-butter’ jobs, when there was a direct 
relationship between weight and the ascertained 
hourly cost. The heat-treatment shops of the 
Gas Undertaking took on all classes of work. At 
the time of investigation the work included stainless- 
steel sinks and aluminium foil, and it was obvious 
that the basis of weight was not suitable for work 
of this type. 

This leads to a mention of a practical snag which 
has to be overcome. It is necessary to know not 
so much the invoiced total to customers but the 
selling value of the work actually done in each 
accounting period. That is to say the time lag 
between doing the work and invoicing must be 
eliminated. This is a detail, but it is an important 
one. 

It will soon be discovered whether the prices 
being charged are reasonable or not. In our case 
we found that one group of furnaces was subsidizing 
another, and so prices were adjusted. As the 
results were known very soon after the end of the 
accounting period, it was possible to make price 
amendments very quickly. Even so, it was a few 
months before the point was reached when each 
group of furnaces was on a sound basis. After an 
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early period of concentration, the accounting side 
of heat treatment becomes mere routine, although 
the differential between the various furnace groups 
must always be watched. 

While convinced of the difficulties involved in 
pricing heat-treatment services, it should be known 
clearly what proportion of work is steady and 
remunerative in what I have called the ‘ bread-and- 
butter” sense, taking a basic charge of, say, Is. 
per lb. per hour. If this proportion of work is 
high, some risks can be taken on the fewer jobs 
which are difficult. From my limited experience, 
it seems to me that most installations are working 
under basic conditions for a great deal of time, 
and I am sure that those who have installations 
concerned only with their own manufactured 
products have much less difficulty than those who 
are providing a general service. 

In the first place there must surely be a minimum 
price, say at 10s., 15s. or £1 to meet s:anding 
charges. Furthermore, the cost per furnace hour 
may not be sufficient when dealing with, say, 
Nimonic alloys which require only a few minutes’ 
treatment in the furnace but incur a disproportionate 
amount of handling and supervisory aitendance. 
The labour factor must be taken into account, and 
for this it may help to know the cost of a group of 
men for a fraction of an hour. To include shop 
overhead charges a rate of 190°., on basic wages 
would give reasonable cover and is easy to apply. 

When all is said and done the experience of the 
man on the spot is the greatest asset of all. If he 
takes a trial heat when dealing with difficult loads 
it is not often that anything more than marginal 
losses occur when he knows furnace hour costs. 
No business can run with a constant profit margin 
on everything undertaken. 

I have not dwelt on the question of profit. The 
matter is delicate. There are firms who have 
admitted that, up to the war, they based their 
estimates on material charges, and they then 
assumed that wages and overhead charges taken 
together were equal to the material charges and 
that the profit margin should also be equal to the 
material charges. If they came out on what they 
called the ‘ right side’ they were satisfied. But 
as to the ratio in which profit was earned over the 
various classes of work they were quite ignorant. 
Post-war developments and taxation have brought 
about a changed outlook. 
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Investigation into the stability and 
accuracy of gauge blocks 


The U.S. National Bureau of Standards has recently fabricated gauge blocks that 
are dimensionally considerably more stable than those commercially available today. 
Special measurement techniques to evaluate these gauge blocks have also been 


devel »ped 


IN A RESEARCH programme aimed at an accuracy of 
1 part in 10 million in gauge block calibrations, 
the U.S. National Bureau of Standards has recently 
made significant advances with the development of 
highly stable blocks and ultra-precise measurement 
techniques. Three types of gauge blocks, produced 
by the Bureau’s metallurgy laboratories, show 
dimensional stability considerably greater than the 
best commercial blocks made so far. To obtain 
precise data on the small dimensional changes 
occurring in the blocks, special measurement 
techniques have been devised. 

Gauge blocks, carefully made of steel to exact 
dimensions, are used to minitor manufacturing 
processes in the mass production of interchangeable 
machined parts. As reference standards for such 
high-precision manufacturing operations as the 
making of machine tools, ball bearings and missile 
control mechanisms, gauge blocks must be capable 
of providing measurements precise to within | part 
in 100,000 or even, for some recent applications, 
to | part in 1 million. Therefore, as the length of 
a block must be known even more accurately than 
the measurement referred to it, gauge blocks 
certified to 1 or 2 parts in 10 million must soon be 
made available on a regular basis. 

To meet these increasing demands for precision, 
the Bureau is focusing attention on the charac- 
teristics of the gauge blocks themselves as well as 
on the equipment and methods for measuring 
them. Because of the industrial importance of this 
work, a group of private firms is helping to support 
the metallurgical research underlying the fabrication 
of precision gauge blocks and the developmental 
metrology for achieving calibrations of the required 
accuracy. 


Gauge block metallurgy 

A special effort is being made to develop gauge 
blocks that will retain their calibrated lengths to 
high accuracy over a considerable period, with 
much less shrinkage than is normally expected of 


precision gauge blocks. At the same time, other 
requiremenis for gauge blocks cannot be neglected. 
These include an appropriate coefficient of thermal 
expansion, a high degree of surface finish, flatness of 
surface, parallelism of opposite gauging faces and 
resistance to wear, deformation, and atmospheric 
and fingerprint corrosion. 

Dimensional instability in steel blocks is thought 
to result from structural changes in the hardened 
unstable structure formed during heat treatment 
and the subsequent redistribution and relaxation of 
fabrication stresses. Therefore, a properly fabri- 
cated block of fully annealed steel of low alloy 
content, at or near its equilibrium condition, should 
be free from subsequent structural changes. 
However, such a block is too soft to use as a gauge 
block because an adequate finish cannot be applied, 
wear is high, and the surface is easily deformed. 
An alternate approach is to lower residual stresses 
in hardened steels by stress relieving at around 
540°C., but this process also makes most hardened 
steels too soft. 

To produce a hard, wear-resisting surface on 
the annealed material, the Bureau nitrided steels, 
chromium plated some, coated others with either 
tungsten carbide or aluminium oxide, and sprayed 
still others with nickel-chromium-boron alloy. In 
attempts to improve the hardened steels, the Bureau 
tried to eliminate as many of the unstable con- 
stituents as possible, and to reduce fabrication 
stresses. Some blocks were case hardened on the 
surface by carbo-nitriding, carburizing, and cyanide 
hardening. 

Sufficient data have been obtained on blocks 
of 410 stainless steel, and 52100 modified steel, to 
indicate that such methods can result in greatly 
improved stability. Annealed 410 stainless blocks 
with nitrided surfaces have been produced which 
exhibit a growth of only 0-2 10-* in./in./yr. 
during the first year of observation, and 52100 
steel gauge blocks, given special stabilizing and 
stress-relieving treatments, display a shrinkage of 
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0-4 10-* in. in./yr. At present, 16 materials 
(table 1) are under investigation and have been 
given a total of 42 different treatments (figs. 2-3). 


TABLE 1 Gauge block materials under study at NBS 
1010 D 2 tool steel 

W 4 tool steel Nitralloy 135 Mod 

52100 Mod 17-4 PH stainless 

8620 Titanium carbide A 

304 stainless Titanium carbide B 

405 stainless Titanium carbide, steel binder 
410 stainless T 15 Mod, tool steel 

420 stainless Aluminium oxide 


Gauge block measurements 


In evaluating the stability of gauge blocks, the 
Bureau employs two types of measurements: 

























1 ABOVE Neutral salt baths used 
to harden 52100 steel gauge 
blocks by immersion at 845°C 
for 15 min. 


2 RIGHT Nitriding 410 stainless 
blocks in an ammoma atmo- 
sphere for 40-44 hours at 
approx. 550°C. 


‘ static ’ comparison which is carried out interfero- 
metrically and ‘ dynamic’ comparison which relies 
on a mechanical-electronic technique. By exploit- 
ing the features of both comparison procedures, it 
is possible to detect the occurrence of very small 
dimensional changes and still conduct the large 
number of weekly measurements which are 
necessary. 

Until recently, very precise length measurements 
were generally accomplished interferometrically. 
For such measurements, a Bureau-designed com- 
parator is available which is capable of meeting 
the most rigorous of present accuracy requirements. 
In this device a test block is compared with an 
absolutely measured standard length—a steel gauge 
block of established stability with the same cross- 
sectional dimensions and nominal length (2 in.) as 
the test block. 

However, because comparisons of this type 
require that the two blocks be at thermal equilib- 
rium, each test takes at least 4 h. As more than 
50 measurements must be made each week, a more 
rapid technique that would allow measurements to 
be made immediately after handling was needed. 
Such a comparison, usually carried out with a 
mechanical comparator, is called ‘ dynamic ’ because 
both blocks are actually changing in length during 
the measurement as a result of changing thermal 
conditions. An accurate dynamic comparison can 
be made between blocks that respond similarly to 
thermal conditions if these conditions are the same 
for both blocks immediately prior to and during 
the measurement. 

The mechanical comparator employed in the 
dynamic length comparisons, utilizes electro- 
mechanical transducers to indicate the position of 
two styluses. Gauge blocks are successively 
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of surface and parallelism of gauging faces. Only 
those that meet certain rigid specifications are 
acceptable for stability testing. Preliminary 
measurements of linear thermal expansion are also 
made. For the dynamic comparisons, test speci- 
mens can then be divided by thermal properties 
into groups so that identically handled blocks will 
have identical responses. 

One block in each group is selected as a secon- 
dary master and, after being compared with the 
primary master interferometrically, is compared 
with blocks in its own group by the mechanical 
technique. To meet the requirements of like 
handling of all test specimens, the secondary master 
is treated as one of the test specimens. All possible 
comparisons, n(m-1) comparisons on n(m-—1)/2 
pairs, where m is the number of blocks in a group— 
form one test. In the tests, groups containing 11 
gauge blocks were compared, in other words 110 
comparisons on 55 pairs. 

The measurement data are then reduced by the 
methed of least squares to provide a calculated value 
for each comparison. The difference between the 
calculated and observed values is used to determine 
the probable precision of results. 


Application of results 

These frequency distributions served as a powerful 
tool in developing a satisfactory measuring tech- 
nique, precise to 0-2 « 10-*in. They have been 
used to establish the relationship between calculated 
probable error and the precision actually realized; 
to demonstrate the successful elimination of bias 
from the comparison procedures; and to locate 
sources of systematic error. 

For example, residual frequency distributions 
have been very effective in prescribing a handling 


procedure for a two-block test set. Obviously an 
operator can handle blocks manually with greater 
ease and assurance than with tongs or other tools 
which introduce the danger of dropping. Using 
insulating gloves, the operator would therefore pick 
up two blocks simultaneously by their non-gauging 
ends and position them in the comparator in what 
was considered symmetrical handling. However, 
it was soon revealed that the manner in which the 
blocks were held had a significant effect on the 
symmetry of the residual frequency distributions 
It was concluded that handling was producing an 
unsymmetrical thermal effect—the blocks were held 
perpendicularly so that one was nearer the operator’s 
palm than the other. After the procedure was 
changed so that blocks were picked up in tandem 
with their non-gauging ends facing the palm, the 
statistical distributions showed the expected 
symmetry. 

Of the 16 materials under study at the Bureau, 
only blocks of two materials, 410 stainless steel and 
52100 modified steel, have been observed for a year. 
The most stable blocks were made from the an- 
nealed 410 stainless steel, nitrided to a depth of 
0-009 in., ground to within 0-003 in. of finished 
length, stress relieved for 3 h. at 520°C. in a cracked 
ammonia atmosphere, and then finished by lapping 
the gauging surfaces, leaving a case of about 0 005 
in. The nitrided non-gauging surfaces when left 
intact have a frosty grey appearance. Similar 
stability was indicated by blocks whose frosty 
layer was removed by further grinding (fig. 3). 

The best through-hardened 52100 steel gauge 
blocks were not quite as stable as the two nitrided 

continued on page 418 
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Lead and lead alloys for cable sheathing 
By S. A. Hiscock. Ernest Benn Ltd. Pp 
illustrations, 55 tables. £3 10s. net. 

A COMPLETE HISTORICAL survey of the development of 
extrusion machines and techniques is first made and 
a very interesting chapter this proves to be. The author 
has quite rightly given a full description of the various 
developments and this introduction includes naturally 
the process of continuous extrusion 


361, 161 


The author then goes on to deal with extrusion presses 
and machines in detail, including the Henley continuous- 
extrusion machine which is now no longer used. The 
importance of die block design is considered, as also is 
the effect of container and billet size—the selection of 
materials for tooling purposes is not considered. 

A short but adequate chapter is devoted to ancillary 
equipment 

The requirements of lead cable sheaths and the effects 
of service conditions and other variables on their general 
behaviour is considered very fully. Fundamental metal- 
lurgical considerations of fatigue and creep are discussed 
and their relationship to grain size, temperature and other 
effects are brought out. The author has well illustrated 
the influence of actual service conditions to those metal- 
lurgical defects which are most likely to occur 

An interesting chapter is given on lead cable sheathing 
alloys with a fully documented table of currently used 
compositions. These metals are discussed and the 
influence of alloying elements on the general behaviour 
of each type is considered, particularly with respect to 
creep and fatigue and also the susceptibility to age 
hardening 

One feels after reading the section on aspects of flow 
of lead during extrusion whether the author could have 
made better use of the grid type of flow pattern to illustrate 
his discourse on the fundamental types of flow encountered 
in direct and indirect extrusion. However, an interesting 
explanation of the flow of lead in cable sheathing then 
follows and the complicating factors, i.e. division of lead 
and ‘ charge weld regions,’ are shown to be important 

The author then goes on to consider the defects and 
features of the cable sheaths, outlining the factors influenc- 
ing their formation and also the methods available for 
elimination or mitigation of them. 

The effect of welding variables, deformation, pressure, 
temperature, oxide, etc., are dealt with. Factors influenc- 
ing production and characteristics of stop marks, par- 
ticularly the relationship of the latter to grain size and 
creep, make interesting reading and one could only wish 
for a few more photomicrographs to illustrate the 
individual cases referred to 

As a natural follow-up to the preceding chapters the 
effect of extrusion techniques on product quality are now 
dealt with—that is, the melting of the lead itself, with 
special reference to the influence of alloying additions on 
oxide formation, methods of casting and solidification and 
also the effect of straining with special regard to the 
production of zoned structures 

A chapter devoted to the interrelationship of extrusion 
variables and their effects principally on grain size and 
stability of the product proves most interesting 

Mr. Hiscock has presented here the work of many 
investigators and summarized it in such a manner that 
it has not become disjointed. The effects of temperature, 
pressure, composition, stability and grain size are all 
discussed. 

Individual chapters in this book conclude with a general 
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summary, a practice which many other authors would do 
well to adopt. 

The book ends with a more detailed study of the 
practice of continuous extrusion and also comments on 
likely future developments 

Very little data has been published on the production 
and the properties of lead for cable sheaths and this fact 
has been somewhat surprising, particularly in view of 
the importance of the product. 

As the author points out in his preface this is the first 
work devoted exclusively to the subject of lead cable 
sheathing and, whilst the book is aimed at technologists 
in the cable works, its contents will be of interest to all 
students of metallurgy and engineering. 

The book is well produced and adequately illustrated 
with reproduced photographs, line drawings and photo- 
micrographs, although the quality and quantity of the 
latter could possibly be improved 

In conclusion it can be said that the volume goes a 
long way towards fulfilling the long-felt need for infor- 
mation on this subject and on this account can be com- 
pletely recommended 

H. J. SOUTHAN 


Metalsmithing for the artist-craftsman 
By Richard Thomas. Sir Isaac 
London, 1961. Pp. 173. £2 5s 
Tuts AMERICAN BOOK consists of descriptions, usually 
brief, of the fundamental processes involved in the 
manufacture of metal articles by hand (spinning and 
centrifugal casting are borderline industrial processes 
also described It does not cover the allied fields of 
enamelling, embossing, engraving, chasing and so forth, 
although many of the photographs of fine examples are 
of material so treated 

The text at its best is forthright and practical, at its 
worst prolix. The many photographs are clear; the 
diagrams are the best feature of the book—large, bold, 
simple and self-explanatory as a good road-sign. It is 
unfortunately one of those books in which text and 
illustration are constantly getting out of phase with each 
other, and one finds all the fingers of one hand employed 
as book-markers. 

In some respects the book is unbalanced. A flange, 
for instance, may be raised on the edge of a metal disc 
by hammering it when tilted against a stake. Mr. Thomas 
takes over 300 words to say this, along with four giant 
diagrams and a dissertation upon the principle of leverage 
The final crucial process of planishing, on the other 
hand, is dismissed with 35 words and one photograph. 

There is no glossary, which is surprising in a book 
dealing mainly with elementary workshop practice. 
Terms are sometimes explained, sometimes not. Perhaps 
the reader should already know, or be able to guess, 
what is meant by ‘ upsetting,’ ‘ sprue-hole’ or ‘ burn- 
out,’ but he is unlikely to need reminding that ‘ filing is 
the removal, smoothing or levelling of gross surface 
irregularities of the raised, cast or fabricated piece 

It might be as well to point out to the gentle reader 
who may be inspired to try his hand at this ancient craft, 
that the pickling process is aimed at the artefact and not 
the operator. If he wishes to survive to complete his 
article he should not be deceived by one of the writer’s 
fits of verbal economy in which he omits the vital word 
‘slowly’ from the recipe, nor by the admirably clear 
diagram of a basinful of acid being tipped into a basinful 
of water. 


Pitman & Sons Ltd., 
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Use of method study in the drop-forging industry 


W. A. REYNOLDS 


It is more and more becoming apparent that there are few industries which would 


not benefit from the important study of their production routines by the trained 


specialist in work study. 


As an example of the kind of improvements which can 


result, four case studies from the drop-forging industry are summarized in this 
article. The paper is based on the talk given by the author, of Birmingham Produc- 
nvity Association Technical Advisory Service Ltd., to the National Association of 
Drop Forgers and Stampers at the 1961 Annual Convention held at Eastbourne 


last Fune 


WORK STUDY is a common-sense practical tool of 
management with an application to most activities 
in a manufacturing enterprise. 

It has been defined as follows :* 

‘Work study is a term used to embrace the tech- 
niques of method study and work measurement 
which are employed to ensure the best possible use 
of human and material resources in carrying out a 
specified activity.’ 

Method study and time measurement, in turn, 
are defined as follows: 

“Method study is the systematic recording, 
analysis and critical examination of existing and 
proposed ways of doing work and the development 
of easier and more effective methods.’ 

* Work measurement is the application of tech- 
niques designed to establish the work content of 
a specified task by determining the time required for 
carrying it out at a defined standard of performance 
by a qualified worker.’ 


Problems that can be tackled 

The conventional field of work study investigation 
is any operation, from typing a letter or entering an 
order to operating a hammer or press, which is 
repeated frequently. It need not be a production 
operation—many savings can be made in office 
work, where work study goes under the name of 
organization and methods. 

Apart from the conventional applications, it has 
been shown that many maintenance or one-off jobs 
can be made quicker and easier by method study 
investigations. Overhaul times for capital plant, 


* Most of the definitions in the text have been taken 
from ‘ Introduction to Work Study,’ I.L.O 


such as presses, oil rednery units, rolling mills, 
have been reduced very substantially in this way. 

It is often found that great savings can be made in 
administrative work and these usually benefit pro- 
ducticn on the shop floor. Design and drawing 
offices, where work is not repetitive, are not usually 
a fruitful field, although an associated technique 
called variety reduction helps to keep people from 
designing unnecessary new components. 

Having indicated the broad field of work study, 
this paper will now be confined to manufacturing 
production applications, with particular reference 
to the drop forging industry. Fig. | (which is not 
to scale) shows how the manufacturing time of an 
article is made up. Each of these sections of un- 
necessary time can be subdivided into many con- 
tributory causes. The curious thing is that most of 
these causes have their roots in management 
decisions—decisions we have given which, on the 
evidence available, were probably right, but un- 
known to us have wasted a great deal of time. The 
object of work study is to reduce this ineffective, 
wasted time. 

It will usually be found that the operator, the 
man on the hammer, cannot expend much more 
physical effort—work study helps to find out how 
much of his effort is usefully employed in producing 
a saleable article. It will normally be found that 
the amount of ineffective or wasted time which is 
under the worker’s control is much less than the 
amount under management control. 


Basic procedure of work study 
There are eight basic steps in performing a com- 
plete work study, three of which are common to the 
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procedures of both method study (M.S.) and work 
measurement (W.M.), three are method study steps 
and two are work measurement steps. They are: 

1. Select the job or process to be studied (M.S. 
and W.M..). 

2. Record from direct observation everything that 
happens, using the most suitable recording tech- 
niques available, so that the data will be in the most 
convenient form to be analysed (M.S. and W.M.). 

3. Examine the recorded facts critically and chal- 
lenge everything that is done, considering in turn: 
the purpose of the activity; the place where it is 
performed; the sequence in which it is done; the 
person who is doing it; the means by which it is 
done (M.S. and W.M.). 

4. Develop the most economic method, taking 
into account all the circumstances (M.S.). 

5. Measure the quantity of work involved in the 
method selected and calculate a standard time for 
its performance (W.M..). 

6. Define the new method and the related time 
so that it can always be identified (W.M..). 

7. Install the new method as agreed standard 
practice with the time allowed (M.S.). 

8. Maintain the new standard by proper control 
procedure (M.S.). 


Work study—who should do it 

Work study succeeds because it is systematic 
both in investigation of the problem being con- 
sidered and in the development of its solution. 
Systematic investigation takes time and it is neces- 
sary, therefore, in all but the smallest firms to 
separate the job of making work studies from the 
task of management. Only by continuous study at 
the workplace or in the area where the activity is 
taking place can the facts be obtained. This means 
that work study must always be the responsibility 
of someone who is able to undertake it full time, 
without direct management duties. 


Method study in the drop forging industry 

The following examples of the use of method 
study are taken from recent work done in the drop 
forging industry. The studies were done by the 
work study staff of the firms concerned and not by 
the B.P.A. T.A.S., who are greatly indebted for the 
help they have been given in this matter. 


Case study 1—forging a connecting rod 

This study is related in some detail to show the 
methods used. It was undertaken to improve tke 
output from a No. 4 Wilkins & Mitchell press 
working in conjunction with a 100-ton Wilkins & 
Mitchell clipping press and a 2,400-Ib. h. induction 
heater. The original layout of the plant is shown in 
fig. 2. The movements of the work piece and the 
operators were carefully recorded on special study 
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1 Diagram showing how manufacturing time is analysed 


sheets and then transferred to an analysis sheet. 
The total number of movements is shown in column 
1 of table 1. No measurement of time was made 
with a watch and all the movements were recorded 


TABLE 1 Forging connecting rod. Summary of crew 
movements 








Existing Proposed 
method method Improve- 
layout layout ment 
movements movements Savings 














Left hands 29 22 7 
Right hands 40 27 13 
Left feet .. “ 16 —_ 16 
Right feet ws 14 4 10 
Totals per cycle.. 99 53 46 
Distance per cycle 651 in 288 in. 363 in. 


by observation and not with a cine-camera. It will 
be seen that in the original method the crew made 
99 movements in each cycle and the work piece and 
its flash travelled 651 in. 

In order to evolve a better layout the Work Study 
Department made mock-ups of the plant, using 
chairs, tables, desks and cardboard models of tools 
and dies, etc., in their own office. By going through 
the cycle and asking themselves why, what, where 
and how they evolved new positions for the plant 
and a new series of movements. The new move- 
ments and layout are shown in fig. 3 and a summary 
in column 2 of table 1. It will be seen that the total 
movements were reduced from 99 to 53 and the 
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distance the work piece moved from 651 to 288 in. 
The co-operation of the Die and Tool Design 
Department was obtained and the procedure sim- 
plified by combining forging operations. It will be 
seen that the alterations are as follows: 

1. The heater conveyor was modified so that the 
billet was presented to the operator ‘ end on * under- 
neath the bottom roller. The operator can then 
easily grip it with his tongs. 

2. The reducer rolls have been re-positioned so 
that the operator can move the rolled billet from 
the machine direct on to the mould die without 
moving his feet. 

3. A solenoid time-relay switch was built into the 
back stops of each rolling station so that the in- 
sertion of the billet to the correct position starts the 
rolls. This eliminates the foot-operated switch. 

4. The job of placing the billet in the moulding 
die was transferred from the press operator to the 
roller. 


5. The clipping press has been moved to give a 
shorter travel and more space. 

6. Combination tools have been introduced for 
the piercing and clipping operation. This was done 
so that the piercing and clipping is in phase with 
the coining operation. 


7. Installation of a vibro conveyor for the 
purpose of: 


a) Moving forgings from the clipping press to 
the finished work bin without damage. The 
proportion of work requiring straightening 
was very much reduced by this. 

(6) Facilitating inspection. The conveyor holds 
20 forgings and the patrol inspection comes 
round sufficiently often so that it is never 
full. When the patrol inspector has looked 
at the forgings, he separates them into good 
and suspect. The effect of this is that a 
maximum of 20 pieces are forged before 
inspection instead of 500 previously. 
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Expressing these figures in another way, the 
movements per 400 pieces were as in table 2. 
Although the alterations have only just been com- 
pleted, the output per hour has increased in pro- 


portion with the savings per hour of 55°, indicated. 
TABLE 2 Forging connecting rod. Movements per 400 
preces 

Existing | Proposed | Savings 

method method hour 
Crew movements 39,600 21,200 18,400 
Distance 21,700 ft 9,600 ft 12.100 ft 
Percentage 100 44-2 55:8 


Case study 2—forging a rocker arm 

The existing plant consisted of a 10-cwt. Massey 
hammer with a 90-ton Wilkins & Mitchell clipping 
press and an oil-fired furnace. The existing arrange- 
ment of the plant is shown in fig. 4. The investiga- 
tion was undertaken to see what improvements could 
be made by using two stampers instead of one. The 
crew consisted of one stamper, one driver, one front 
clipping press operator and one rear clipping press 
operator. 

All the movements which each member of the 
crew made were studied and investigated. No 
camera or stop watch was used for this; the work 
study engineer merely standing by and noting each 
movement. Their total movements are shown in the 
first column of table 3. The movement ‘ walk ’ was 
excluded from the total, since each operator used a 
different length of step. When the existing practice 
had been fully recorded, the Work Study Depart- 
ment, with the co-operation of the crew, tried out a 
new arrangement using two stampers, one driver and 
one rear press operator. The plant and tools were 
unchanged. This rearrangement was unsatisfactory: 
extra movements were being made and the men were 
hesitating because they were in danger of running 
into each other. 

The Work Study Department, therefore, decided 
to see what could be done by rearranging the plant 
and improving the tooling. 

Different arrangements were tried out in the 
Work Study Office, using suitably-sized tables, etc., 
to represent the hammer, the press and the furnace, 
and the work study engineers finally evolved a satis- 
factory arrangement. The tooling engineers co- 
operated by designing: 

(1) A combined cutting-off and clipping tool and 

(2) A small tray which fitted under the clipping 

tool. The forgings fell into this and the 


rear press operator was able to reach over 
and slide the forgings from the tray into the 

setting die. 
The new layout is shown in fig. 5 and the move- 
ments were analysed, with the results shown in 
column 2 of table 3. 


This new layout of plant, 
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operational procedure and movement pattern was 
then demonstrated in the Work Study Office to 
members of the management and work supervision. 
Approval was given for it to be put into practice and 
the actual plant was moved. 

The whole of this study, the observation and the 
recording and working out of new method, up to the 
stage of try-out in the shop, took 36-40 man hours 


TABLE 3 Massey 10-cwr. hammer. Forging rocker arms in 
pairs. Summary of crew movements (walking excluded 


Existing |Proposed| Savings 











method method 

Col. 1 Col. 2 Col. 3 
Left hands ee a 49 48 l 
Right hands ; ; 59 35 24 
Left feet ; 7 2 5 
Right feet : ; 8 8 os 
Totals per cycle 0s | 123) 9) 
Previous average per hour 260 pairs 
Test run rate per hour 530 ws 


of the Work Study Department’s time. The original 
average production per hour (working on incentives) 
was 260 pairs. On the test run, with the men working 
on time rates, 520 pairs per hour was achieved and 
it is expected that the ultimate rates per hour, with 
the men on piecework, will be considerably higher. 


Case study 3—crank shaft inspection 

The problem in this case was increasing the out- 
put in the Inspection Section, which was causing a 
serious hold up. Requirements were 1,000+ a 
day and the average output achieved was about 680. 
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The original layout is shown in fig. 6. It will be 
seen that three men unloaded the crank shafts from 
the shot-blast track and stacked them. The first 
pair of inspectors lifted shafts from the stack and 
put them on the inspection table, where they were 
viewed between the two inspectors for surface flaws 
and general straightness. (It was noted that fre- 
quently some parts were looked at twice and others 
not at all.) The other inspectors then removed the 
shaft and placed it on another stack, from where it 
was moved by a fork-lift truck. 

The investigation showed that: 

(a) Approximately 30°,, of available inspectors 
were engaged on manual transport and 
stacking of forgings over a considerable 
area. 

(6) Working speed varied according to the 
urgency of the forgings with which they 
were dealing. 

(c) Transport facilities were inadequate. 

(d) Inspection was only one of a series of opera- 
tion and movement sequences requiring in- 
vestigation if productivity was to be 
increased. 

The Work Study Departmeat first proposed that 

the inspection and the fett!img should be brought 
to the same area so as to reduce both mechanical and 
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manual handling. 
fig. 7. 

Two inspectors remove the crank shafts from the 
track, inspect and mark up. The labourer collects 
the inspected crank shaft and places it as instructed 
good work for despatch; cold tapping; fettling; 
scrap. He also loads fettled crank shafts on to the 
track for re-shot blasting. The fettlers were now 
brought alongside the inspectors, had their work 
inspected immediately and returned to them, if 
necessary. This set-up enabled the section to in- 
crease their output to over 1,000 per day. It was still 
necessary, however, for the crank shafts to be moved 
from the Inspection and Fettling Section for 
straightening and brought back again for re-inspec- 
tion. It was therefore decided to combine straighten- 
ing, fettling and inspection on one site, and this was 
done. The final arrangement is shown in fig. 8. 
The main points of this are: 

1) Setting was carried out prior to inspection 
and the inspector checked the straightness in the 
setting machine prior to its removal and inspection 
for surface flaws. 

2) Work requiring fettling was done immediately 
and inspected prior to re-shot blasting. (The second 
shot blasting is carried out so that a uniform 
appearance is given and liability to rusting on the 
fettled edges reduced. 

(3) The arrangement ensured that all work was 
inspected before going to despatch. 

4) The arrangement enabled an incentive bonus 
to be applied to each of the separate groups: setters ; 
inspectors ; fettlers. 

The result was that the section is able to deal 
with all present work easily and any expected in- 
crease (table 4). 


The arrangement is shown in 





TaBLe 4 Crank shaft inspection. Summarizing the 
improvements 

Original Layout No. 1 | Layout No. 2 
Inspectors 4 3 4 
Labourers 3 ] - 
Output 680/8} h 1,000 + /84h 2,300 '84 h 


Case study 4—Brinell testing machines 

This investigation illustrates the reductions in 
cost and manual labour that can often be achieved 
vy a study of non-production operations. In this 
case the Brinell Hardness Testing Section was over- 
loaded and, naturally, there was a request for some- 
thing to be done—either more machines or more 
overtime, or both. An investigation was under- 
taken and, following the rules, the facts about the 
section were first obtained: 


(a) The plan and area. 


(6) The number and type of machines and equip- 
ment. 
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10 Brinell testing—new layout No. | 


c) The number of people employed, the hours 
they worked and the range of components 
tested. 

The original arrangement is shown in fig. 9. It 
will be seen that this is 2 conventional layout with 
two twin-wheel grinding machines and six Brinell 
testers. All the components to be tested were 
brought to the grinding machines in stillages by 
fork-lift trucks. After grinding the test surface the 
stillages were moved down to whichever machine 
had the least amount of work. Components were 
taken from the machine by the operator, the load 
applied and then passed to the table alongside, 
where the reader measured the impression. The 
operators and readers changed places every hour to 
relieve eyestrain. Difficulties experienced were: 

a) Ensuring that the Brinell machine operators 
applied the load for at least the minimum 
prescribed period. 

b) Moving material: the fork-lift truck never 
seemed to be available when required. 

The section output was 5,000 components per 8}-h. 
day and a summary is shown in column | of table 5. 

The investigation made use of the production 
sheets kept by the operators to find: 

(a) Monthly and weekly output figures. 

(b) Difference between actual and required total 

output (by comparison). 

(c) Variation in output rates per hour according 
to weight and size. 

(d) Variation in operator productivity. 

Acting on these facts and figures, it was decided to 
divide the components into two categories: those 
over 10 lb. weight and those under 10 Ib. weight. 
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Analysis of the actual operations carried out and 
the time spent in doing them showed that there was 
a great deal of manual handling of components and 
waiting for the previous operation to be completed. 
An entirely new layout was then developed: this is 
shown in fig. 10. It will be seen that the main 
points are these: 

The heavy work has been allotted its own grinder 
and Brinell testing machine. The light work section 
has been laid out with roller conveyors to take the 
work from the grinders to the Brinell machines, and 
one operator looks after two machines; setting up or 
removing work from one while the load is applied 
on the other. This helps to ensure the minimum 
required dwell and relieved supervision. The trays 
of work then travel on a roller conveyor to the 
readers at their table. Operators, grinders and 
readers all change round at hourly intervals. A 
summary of the machines and men required and the 
output achieved is shown in column 2 of table 5. 








==, O 
re a 
- eR T A 7, 
SE TION 
= ee 7] 
pa 
BRINEL —| 
nee SR R 
a HEAVY 
a <— ae CT 
e TARY px SE N 
TABLE 4/ 
a / 
nA 
fh} x FI 
Cj LJ 
STILLAGES 


11 Brineil testing—new layout N: 


a _empRgNC ecm 





1¢ 


id 


1¢€ 





= RENT amow 


en ren see men ee 


october, 1961 417 


The Brinell machines used in the original and 
the new layout were standard orthodox pattern. It 
was, however, decided to purchase two new Brinell 
machines where a reflected image of the impression 
is read directly by the machine operator. This 
removes the necessity for a separate reader. At the 
same time it was decided to improve the work 
handling for the heavy section, which, it will have 
been noted, was virtually unchanged in principle 
from the original layout. A variable-speed rotating 
table was employed to carry work to the grinder and 
thence to the Brinell machine, which was also of the 
new type. A labourer loads and unloads the table 
vhich brings the components alongside the opera- 

rs, relieving the need for bending and lifting. The 

ial results are shown in column 3 of table 5 and 
he No. 2 layout in fig. 11. 

It will be noted that the original increase of 170 
per man hour was obtained by rearrangement of 
existing plant and the use of roller conveyors. Some 
of the subsequent increase of 60°,, was due, of 
course, to the use of the new type of testing machine, 
which has a set 3} sec. dwell. 


Work measurement 


It has been seen in the case studies described 
how unnecessary movement can be eliminated. This 
is very important, but it is also important to measure 
what has been achieved in terms of time. If the 
time of a new method is measured, it sets a standard 
by which future performance can be judged. These 
time standards will continue to apply as long as the 
work to which they refer continues to be done and 
will show up any ineffective time or addition to the 
work content which may occur once they have been 
established. 

In the process of setting standards it may be 
necessary to use work measurement: 

(a) To compare the efficiency of alternative 
methods. Other conditions being equal, the 
method which takes the least time will be 
the best method. 

(6) To balance the work of members of teams, 
in association with multiple-activity charts, 
so that each member has a task taking an 
equal time to perform. 

(c) To determine association with man-machine 
charts the numbers of machines an operator 
can run. 


Ways of measuring time 

It may be objected that the only way to measure 
time is with a watch. There are, however, several 
derived methods which are in common use as well 
as orthodox stop-watch study of times taken on the 
job. These are: 

Ratio-delay A sampling technique which gives 
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information on the percentage of time a number of 
people are spending on different sections of their 
jobs. 

Synthetics This method uses times previously 
obtained by observation of different parts of many 
jobs. These times will normally be common to that 
part of the job wherever it occurs. An experienced 
engineer can, therefore, build up a synthetic time 
standard from existing data. 

Motion time measurement This is a very refined 
form of synthetics and it depends on analysing the 
movements required to do a job—grasp, lift, carry, 
etc.—and assigning times to them in accordance 
with standards. Using M.T.M. methods, times of 
manufacturing processes can be estimated with some 
accuracy from drawings. This can, however, only 
be done by experienced engineers with special 
training. 

Analytical estimating This is a compromise 
between rate fixing and time study, useful in one-off 
jobs. It can be done by skilled craftsmen trained in 
work study, who analyse the processes involved in 
carrying out the work and assign times to each 
operation. 

When the time taken has been measured it must 
be related to what is usually called a standard per- 
formance. This is the equivalent speed of motion 
of a man’s limbs when walking on level ground at 
3 m.p.h. What is known as ‘ rating’ is the estima- 
tion of the actual performance to the standard. 
Many books have been written on the subject and 
arguments caused. It is the most difficult operation 
in work study engineering and calls for much 
experience. 


Time measurement and production planning 
and costing 

The time standards, once set, may be used: 

1) To provide information on which the planning 
and scheduling of production can be based, in- 
cluding the plant and labour requirements for 
carrying out the programme of work and the utiliza- 
tion of available capacity. 

(2) To provide information on which estimates for 
tenders, selling prices and delivery promises can be 
based. 

(3) To set standards of machine utilization and 
labour performance which can be used for any of 
the above purposes and as a basis for incentive 
schemes. 

(4) To provide information for labour-cost contro! 
and to enable standard costs to be fixed and 
maintained. 

In other words, work measurement provides the 
basic information necessary for all the actwities of 
organizing and controlling the work of the factory 
in which the time element plays a part. 

The great advantage of using time measurement 
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is that if the method is unchanged, so is the time— 
it will be the same in five months or five years—the 
same cannot be said for the value of money. There- 
fore, there is much advantage in keeping cost 
records in terms of time and converting only the 
totals into terms of money. 

Close control can be kept over the performance 
of different departments by the use of time records, 
which are quickly and easily maintained once 
the basic time measurement standard has been 
established. 


Work study and people 


Because a well-conducted work study analysis is 
impartially systematic, the places where effort and 
time are being wasted are laid bare one by one: in 
order to eliminate this waste the causes of it must 
be looked for. These are usually found to be bad 
planning, bad organization, insufficient control or 
lack of proper training of workers. Since members 
of the management and supervisory staffs are em- 
ployed to see to these things, it will look as if they 
have failed in their duties. Not only this, but the 


increases in productivity which the proper use of 


work study usually brings about further emphasize 
this failure. Applying work study in one shop can 
start a chain reaction of investigation and improve- 
ment which may spread throughout the organiza- 
tion. The skilled worker may be made to feel a 
novice when he finds that his methods, long prac- 
tised, are wasteful of time and effort and that new 
workers trained in the new methods soon surpass 
him in output and quality. Any technique which has 
such far-reaching effects must obviously be handled 
with great care and tact. 

If the application of work study in an enterprise 
is to succeed, it must have the understanding and 
the backing of the management at all levels, starting 
at the top. If top management does not understand 
what the work study man is trying to do and is not 
giving him his full support, then it cannot be 
expected that managers lower down will accept and 
support him. 

One of the most important people in any works 
is the foreman, and, whatever his background, the 
foreman may well resent the introduction of a work 
study man into his department unless ine has had 
some training to prepare him for it. Since the 
foremen are nearer to the practical side of the job 
than the management, and so intimately connected 
with work study, they should be given a work study 
appreciation course. They should know enough to 
be able to help in the selection of jobs to be studied 
and to understand the factors involved should dis- 
putes arise over performance standards. This means 
that they should be acquainted with the principal 
techniques of method study and work measurement 
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and the particular problems and situations in which 
they should be applied. 

Generally speaking, courses should be full-time 
and of not less than one week’s duration. Students 
should be given opportunities of making one or two 
simple method studies and of using stop watches. 
The value to the work study man of a foreman who 
understands and is enthusiastic about what he is 
trying to do cannot be over-emphasized. 

Work study imposed on an unwilling body of 
staff by a dominating management is very unlikely 
to produce results, but with staff co-operation it is 
usually successful. 


Gauge blocks 


concluded from page 409 


410 stainless types, but most of the instability 
occurred during the first six months of observation. 
The 52100 steel blocks were heat treated by austeni- 
tizing at 840°C. for 30 min. and quenching in an 
accelerated quenching oil; and stabilized by 
refrigerating at -96°C. for 18-24 h., tempering at 
120°C. for 1 h., refrigerating a second time at 
-96°C. for 18-24 h., and tempering at 120°C. for 
9 h. The blocks were ground and then stress 
relieved at 115°C. for 3 h. before a final lapping. 
This treatment reduces the unstable austenite to 
less than 2°,, and produces a block of satisfactory 
hardness. 

A fourth block which shows promise, but which 
has been under study for less than a year, is of 
52100 annealed steel coated on the gauging surfaces 
to a depth of 0-004 in. with tungsten carbide. 
After surface grinding and lapping, a coating of abou~ 
0-0025 in. remained, providing a hard facing. 
A 3-h. stress-relieving treatment of cracked am- 
monia at 975°F. was applied before lapping. An 
extrapolation of available data indicates that the 
overall growth of such a block is 0-7 = 10~* in./yr., 
but a substantial improvement in stability during 
recent months suggests that a much higher stability 
may be achieved. 

Several commercial hardened steel gauge blocks 
of the highest quality (AA grade) were purchased 
from different manufacturers and observed for 
stability in the same manner as the Bureau- 
developed blocks. All of these blocks become 
shorter, shrinking by an amount ranging from 
0-7 « 10~-* in./in./yr. to 1-9 10 -* in./in./yr.— 
an average shrinkage of 1-1 » 10-* (fig. 4). 
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Research for the spring industry 


Some aspects of the work of the 
Coil Spring Federation Research Organization 


H. A. SNOW, A.1.M.* 


[HE Coit SPRING FEDERATION RESEARCH ORGANIZA- 
TION came into being in 1945, the governing body 
being the Coil Spring Federation, which was estab- 
lished some three years earlier as a war-time 
measure to overcome problems related to springs for 
weapons and fighting vehicles. Spring manufacture 
in the United Kingdom constitutes one of the 
smaller specialist industries serving a very wide 
range of other industries and the CSFRO is likewise 
one of the smaller centres for collective research. 

For the first 12 years the research activities were 
confined to the universities, although it was realized 
from a long-term point of view that the industry 
should own and operate its own laboratories, thereby 
forming a centre of specialized knowledge and in- 
formation on springs and spring materials. It was 
also considered to be in the national interest to work 
in close collaboration with the British Iron and Steel 
Research Association and this has now been brought 
about by the establishment of independent labora- 
tories adjacent to BISRA in Sheffield. These labora- 
tories were officially opened on March 24, 1960, 
by Sir Harry Melville, K.c.B., F.R.S., secretary of the 
Department of Scientific and Industrial Research. 

In common with many other research organiza- 
tions serving particular industries, the affairs are 
managed by a council elected by members and 
composed mainly of the leaders of the industry. 
Members provide the main part of the income and 
this is augmented by grants made available by the 
Government through DsIR to encourage develop- 
ment and growth, the grants being related to the 
amount of money put up by industry. 


Membership 
At the present time the CsFRo has a total member- 
ship of approximately 120 firms and, whilst numeric- 


*Industrial liaison officer of the CSFRO, which will in 
future be known as the Spring Manufacturers’ Research 
Association, having now been admitted to full membership 
of the government’s industrial research association scheme. 


ally only about half of these are spring makers, they 
provide the majority of the financial support. Com- 
panies engaged either wholly or partly in the pro- 
duction of springs or spring press-work for the trade 
are eligible for ordinary membership, whilst manu- 
facturers of spring quality wire and strip, spring 
users, and indeed any company or organization 
having an interest in the work of the Research 
Organization, may become an associate member. 


Of special interest, it is felt, is the fact that since 
the CSFRO serves the needs of an industry producing 





1 Spring wire testing on a Haigh-Robertson rotating- 
bending fatigue machine 
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an end-product and the terms of associate member- 
ship permit a wide range of industries to be repre- 
sented, close collaboration is possible between 
spring manufacturers, their suppliers of spring 
quality materials and their customers, the spring 
users. This collaboration between all the parties 
concerned is, in fact, a very real thing and reference 


to the list of members will indicate the names of 


many well-known companies in these three groups 
who are working together on problems of mutual 
interest. 


Research facilities 

The successful design, manufacture and per- 
formance of springs, whether produced from bar, 
rod, wire or flat strip, requires in the first instance 
a full knowledge and understanding of the spring 
material, its properties and the manner in which 
these can be improved by special treatments, etc. 
Hence the emphasis of the early research work and 
much of the present programme has been on spring 
materials. 


In this field metallurgical examination, hardness 
and tensile testing are established as routine pro- 
cedures, whilst special equipment has been installed 
for the fatigue testing of heavy and light springs, 
for static torsion tests and rotating-bending fatigue 
tests on spring wires (fig. 1). 

Of equal importance to the properties and per- 
formance of springs is the type of surface treatment 
or finish and the facilities include an electroplating 
laboratory, shot-peening plant and fatigue testing in 
a corrosive environment. Special non-metallic 
protective coatings are also investigated. 

Many spring materials require special heat treat- 
ments during manufacture and also as a final process 
applied to the manufactured spring. To enable a 
clese study of these factors to be made a fully 
equipped heat-treatment laboratory has been estab- 
lished. The behaviour of springs operating at 
elevated temperatures is also studied here. 


Research programme 


The early research work carried out at a number 
of universities and the more recent work at the 
laboratories in Sheffield has already been of con- 
siderable advantage to members. Spring manufac- 
turers can now apply closer technical control, 
backed by facts and figures to such processes as 
electroplating, shot-peening, pre-stressing and heat 
treatment, whilst both makers and users are able to 
design for greater efficiency, longer life and heavier 
duty from available materials. 

Much of the research work is of necessity a long- 
term programme and as information becomes avail- 
able the results are put into practice. Among pro- 
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jects which are in hand at the present time may be 
mentioned the fatigue properties of a wide range of 
spring materials, both ferrous and non-ferrous, the 
assessment of high-temperature alloys for springs, 
the control of hydrogen embrittlement during 
plating, factors affecting the life of heavy vehicle 
springs, copper-beryllium alloys, the investigation 
of new spring materials and the development of 
improved automatic coiling machines. 


Industrial liaison 


The most recent addition to the activities of the 
CSFRO has been the introduction of the Industrial 
Liaison Scheme. This is designed to provide a 
service to members anxious to discuss and put into 
practice developments arising from the research 
work carried out at the laboratories in Sheffield and 
projects carried out with the collaboration of the 
universities. It also provides a means of maintaining 
close contact with industry on subjects which might 
provide a basis for future researches. 


One of the great problems facing all our engineer- 
ing industries today is that of communication and 
the interpretation of technical developments from 
research level to the shop floor. With this object 
in view, One or more liaison officers active in the 
industries served by the Research Organization are 
necessary and the approach to the subject should be 
essentially that of practical technology as distinct 
from the research aspect. 

The Liaison Scheme of the csFRo, which is still 
in the process of development, has three primary 
objectives: (1) Personal visits to members to discuss 
the work of the laboratories and its application; 
2) on-the-spot investigations arising from problems 
reported to the organization and the provisicn of a 
technical information service; and (3) visits to 
potential members with a view to enlisting their 
support for the work of the Research Organization. 


Conclusion 


It is perhaps appropriate to conclude on the sub- 
ject of membership recruitment, as more than one 
industry has been the subject of criticism recently 
on the grounds of lack of technical progress and 
investment in research. Some 10 months of in- 
dustrial liaison in the spring industry and associated 
industries has shown a lively interest to exist and, 
furthermore, a readiness to support the work, which 
is most encouraging. The membership and in- 
dustrial income curves are climbing steadily and this 
can only result in an increasing rate of technical 
progress to the advantage of all concerned. Due 
acknowledgment is made to the Council, the Director 
of Research and members for their support and 
guidance in this work. 
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Marworking high-speed steel 


RICHARD F. HARVEY 


THE METHOD of mechanically working steels in the 
metastable austenitic condition for improved 
physical properties was developed by the writer 
and results were first published during 1951.' 

Basically the method involves working the steel 
in the metastable austenitic condition above the 
temperature of martensite formation and below the 
nose of the transformation curve where pearlite 
forms readily. A diagram representing the process 
of ‘ interrupted quenching—hot working ’ or ‘ mar- 
working ’ is given in fig. 1. The method has been 
patented.” 

The present article relates to the use of this 
treatment on high-speed steels. In this investi- 
gation ground pieces | -025 in. square, 6 in. long, 
of M-2 high-speed steel were used. One set of 
specimens were austenitized at 2,225 °F. (1,220°C. 
in an atmosphere furnace for 5 min. at temperature. 
The intercept grain size developed was 114, as 
illustrated in fig. 2. The hardness on air cooling 
to room temperature was 64 Rockwell C. 

A duplicate set of specimens were deformed on 
cooling from the same austenitizing temperature. 
On cooling to 1,000-900°F. (540-480°C.), a pres- 
sure of 1,500 tons was applied in one direction on 
an Erie press. The thickness was reduced to 
0-612 in., which is a deformation of about 40-2 
The hardness was Rockwell C 664 and the micro- 
structure at = 1,000 in the untempered condition 
is as illustrated in fig. 3. Severe deformation and 
flattening of the austenitic grain structure will be 
observed. 

A duplicate set of specimens was deformed in 
two directions 90° apart using a pressure of about 
400 tons. The structure in the as-hardened con- 
dition is illustrated in fig. 4 at «1,000. Severe 
deformation and transformation along the slip lines 
will be observed. 

Deformation of high-speed steels in the meta- 
stable austenitic condition results in work hardening 
and transformation of a part of the austenite to 
martensite. In addition the normal austenite to 
martensite conversion occurs on cooling below the 
M, temperature to room temperature resulting in 
a greater overall transformation to martensite and 
higher hardness than would occur without the 
mechanical working. Elimination of substantially 
all of the retained austenite is believed to account 
in part for the improved hardness and mechanical 
properties which may be expected on high-speed 
steels as a result of this treatment. 


For reference the hardness obtained on temper- 
ing conventionally hardened and marworked high- 
speed steel is as follows: 


TABLE 1 Hardness of M-2 high-speed steel compared for 
conventional hardening and marworking 


Hardened Hardened 2,225°F 
2,225°F 1,220°C.), pressed 
Treatment 1,220°C at 1,000-900' F 
air-cooled 540-480 °C 
Rockwell C Rockwell € 
As hardened o4 664 
Tempered 
900°F. (480°C 63) 66 
1,000°F. (540°C 65 66 
1,025°F. (550°C 65 66 
1,075°F. (580°C 634 66 
1,125°F, (605°C 604 634 


An increase in hardness of several points Rock- 
well C may be obtained on high-speed steels by 
hot-cold working. Also rather pronounced struc- 
tural changes result. In view of these observations 
and in consideration of the highly beneficial results 
of this treatment on alloy steels, it is very likely 
that the treatment may also be of value on high- 
speed steels for cutting applications. It is also 
believed to be feasible to form, or to partly form, 
some types of cutting tools to shape in the meta- 
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stable austenitic condition to effect savings in 
manufacturing costs. 

As far as it is known, extensive cutting tests 
have not yet been conducted on high-speed tools 
treated by marworking. The metallographic and 
hardness data presented are of a preliminary nature 
to be supplemented by a more complete report 
when additional information is available. Cutting 
tests are in progress but the author is not yet able 





4 Marworked two directions. Pressed 400-tons, two direc- 
tions, 90° apart, 540-480°C 

Microstructures M-2 high-speed steel. Austenitized 5 min. 
at 1,220°C. Air-cooled. Nital etched 1,000 
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3 Marworked one direction. Pressed 1,500-tons, 540—480°C 


to report results. 

It is significant also to note that marworking of 
other tool steels has been used with successful 
results. Since the early fifties, hubbing of die 
cavities has been done in the metastable austenitic 
condition on shock-resisting tool steels. This 
procedure results in a marked increase in die life. 

With keen competition from cemented carbides 
and ceramics, many developments have been made 
throughout the years to modify and improve 
high-speed steel compositions and heat treat- 
ments. These comments on the marworking of 
high-speed steels are submitted with the belief that 
this technique will play a part in the advancement 
of high-speed steel technology as it has on other 
steels. 
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High-production 
electric furnace for 
continuous bright 
annealing 


THE INDUSTRIAL HEATING DEPARTMENT of the 
General Electric Co. in the United States has 
recently developed a new type, high-production 
furnace for continuous bright annealing of stainless- 
steel strip. 

The furnace allows bright annealing at production 
rates as high or higher than existing anneal and 
pickle lines at approx. 50°,, lower cost per ton. 
Extensive tests on various types of stainless strip 
processed in the department’s laboratory prototype 
furnace have shown improved corrosion resistance, 
appearance and physical properties over strip 
annealed by conventional methods, preventing the 
formation of scale on the strip through the utiliza- 
tion of very pure and dry (-60°F. dewpoint 
hydrogen or dissociated ammonia atmosphere. At 
this dewpoint, the atmosphere is 99-995°,, dry. 
Thus the strip does not require passes through 
pickle baths to remove scale. 

Vertical construction of the furnace makes 
possible a reduction in the amount of floor space 
necessary and assures that minimum tension is 
placed on the strip during annealing. The strip 
is heated and cooled during the single downward 
pass through the surface, where it touches nothing 
but pure, dry atmosphere while still at elevated 
temperatures. High tensions associated with 
horizontal catenary furnaces, which can reduce 
gauge and width and distort the strip, are not 
required. 


Operating method 

Stainless-steel strip is fed into the furnace in an 
inverted ‘ U’ pattern after it has been cold rolled. 
The strip moves up the back side of the furnace 
until turning over the top roll and then downward 
for the heating and cooling pass. 

On the downward pass, the strip first enters the 
heating chamber where it is reapidly heated to 
annealing temperature by direct radiation from 
molybdenum heating units. The insulation system 
permits operation of the furnace at high temperature 
with high-purity atmosphere without muffle 
construction. 

After reaching annealing temperature, the strip 


Cut-away 
diagram of top 
portion of the 
General 





high-production 
furnace 


moves down into the adjacent cooling chamber 
where it is rapidly cooled by high-velocity hydrogen 
or dissociated ammonia. This specialized, high- 
velocity, jet-cooled system forces the atmosphere 
against the stainless strip at a right angle. As the 
atmosphere strikes the strip, a ‘ scrubbing’ action 
is produced which speeds cooling. The atmosphere 
is cooled by recirculation through water-to-gas 
heat exchangers. 

The jet-cooling principle employs a number of 
self-contained, independent units with individual 
motors and heat exchangers which force the atmo- 
sphere against the strip. Each of these units is 
easily accessible for maintenance and inspection 
during operation. 

When the stainless-steel strip reaches the delivery 
end of the furnace, it has been cooled to a tem- 
perature of approx. 90°C. and is ready for coiling. 
The exit seals are the first surface the strip touches 
after leaving the top roll on the downward pass. 

The furnace is manufactured in two heights, 
approximately 54 and 75 ft. In a typical application 
—annealing type 430 stainless strip, 0-020-in. 
thick, at 1,100°C.—the furnace can handle 60 
ft./min. of material. For strip 24 in. wide, the 
furnace would have a capacity of 6,000 Ib./h. 
Furnaces are also produced to process strip widths 
of 12, 36 and 48 in. 


Award for ‘ Noral News’ 

Noral News, the quarterly magazine of Alcan Industries 
Ltd., has been awarded a Certificate of Merit ‘ for high 
quality of content and presentation ’ in the 1961 National 
House Journal Competition sponsored by the British 
Association of Industrial Editors. Noral News has 
received six awards altogether in the past few years, four 
of them in this annual British competition and two in the 
contest organized in the U.S.A. by the International 
Council of Industrial Editors. 
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NEWS 


Henry Wiggin’s new plant at Hereford 
AN IMPORTANT industrial development in the metallurgical! 
field in recent years is the new works of Henry Wiggin 
& Co. Ltd. at Holmer Road, Hereford. This plant 
represents the culmination of the company’s moderniza 
tion and concentration plan which is scheduled for 
completion in 1965 

Last month the company brought 20 of their overseas 
agents to Britain representing 13 different countries, as 
widely dispersed as Norway and Finland in the north, 
Greece in the south and Spain and Portugal in the west, 
to view for the first time the plant which, on completion, 
will be the largest and most modern of its kind in the 
world, comprising 25 acres of buildings on a total site area 
of 52 acres 

The visitors made a complete tour of the plant and 
laboratories and, in addition to talks by the chairman, 
Mr. I. A. Bailey, the managing director, Mr. H. W. G 
Hignett, the sales director, Mr. R. E. Ansell, and other 
sales executives, saw an exhibition featuring applications 
of corrosion-resistant materials which had been specially 
staged for their visit 


Export training for management 
An Export Training Centre for top management, the 
first of its kind in Britain, was opened recently at Sund- 
ridge Park, Kent. It has been set up by the existing 
Management Centre at Sundridge Park to help the 
country’s export drive by providing comprehensive 
training facilities on a residential basis 

Three-weck courses are being held at the Centre at 
regular intervals. They have been planned in consultation 
with a special advisory panel set up for the purpose by 
the Federation of British Industries, and are intended for 
managing directors, export directors and all senior sales 
executives concerned with the promotion of export 


business 
Subjects covered will include the selection of markets, 
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the conducting of market surveys, appointment of selling 
agents, methods of determining prices, control of overseas 
sales forces and the most appropriate kind of advertising. 
Special attention will be paid to Common Market trading 
and selling to Communist countries. 


Sundridge Park Management Centre was set up in 
1955 as a non-profit-making educational trust by Personnel 
Administration Ltd., the management consultancy firm. 

Firms requiring details about the new training facilities 
should apply to the Director, Sundridge Park Manage- 
ment Centre, Bromley, Kent 


Accident prevention for foremen 


A new approach to accident prevention in industry by 
training foremen in safety measures, is being launched by 
the British Safety Council. 

The Council is planning a nation-wide series of training 
courses directed at foremen. The courses, the first of 
which will be held in London in October, are being 
organized by Mr. Arthur Greenslade, who has joined 
the Council as head of the Training Division 

* The 25°, increase in accidents to young workers over 
the past two years would suggest that present methods 
of accident prevention in factories are ineffective,’ said 
Mr. Leonard Hodge, the Council’s national director. 
‘We believe the foreman is the key figure in accident 
prevention. Unlike the safety officer, he is on the shop 
floor all day long, he can see where the faults lie and can 
talk more easily to the young workers,’ he said 

In factories in other countries where foremen have 
been specially trained in safety, a significant reduction in 
accidents has generally followed. 

Ihe courses will last for four half-days, each followed 
by an examination. ‘They will be held in most of the 
major cities, but we are prepared to hold them any- 
where in the country where we can get 30 foremen 


together,’ said Mr. Hodge. 


Japanese trade delegation at 
B. & S. Massey Ltd. 

The Openshaw works of B. & S. 
Massey Lid., makers of forging 
and drop forging plant, was visited 
last month by a delegation from 

the Japanese drop forging industry. 
The 18-man party, led by Mr 
Minekichi Kato, were on a two-day 
visit to this country to study at 
first hand equipment available to 
the drop forging industr) 
Welcoming the visitors, Mr. K. F 
Massey, chairman and managing 
director, described recent 
developments in the design of the 
company’s products. He explained 
that the present high proportion of 
export work was indicative of the 
company’s capacity to compete with 
overseas manufacturers, and the 
exceptional range of forging plant 
available, together with the practical 
experience gained in the company’s 
own forge, had led to its acting in 

a consultant capacity to a number 
of new forging plants under 
construction abroad 
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So far, safety training has been in the form of written 
nstruction, and as the figures illustrate—26,000 young 
vorkers injured in the last two years—this had insufficient 
ffect. The Council are confident that, by training the 

remen to a high standard of safety consciousness, they 
an save the country many of the 20 million lost working 
lays a year—a loss about five times as great as that caused 
y all strikes. 

Application forms and further details are available from 
»afety House, 60 Westbourne Grove London, W.2 


\utomation Analysis Department formed 
Elliott Bros. (London) Ltd., a member of the Elliott- 
\utomation Group, has created an Automation Analysis 
Department within its Data Processing Group of Divisions 

lhe company has accumulated extensive experience of 
both the ‘ on-line ’ and ‘ off-line ’ application of electronic 
omputers to industrial processes through its computing 
ervice centres and through experience with ‘ on-line’ 
ontrol installations by its computers both in this country 
nd America. 

The company states that in the great majority of cases 
t has found that there is no precise knowledge available 
f the true mathematical nature of industrial processes 
his lack of knowledge of the nature of processes is one 
ff the factors delaying the extensive introduction of 
ymplex automation systems. In America, Russia and 
ertain other Eastern European countries the attitude 
adopted by industrialists is to install a computer to 
gather and evaluate the data available with the intention 
that, when the true natures of the processes involved have 
been determined, the computers will be put on to their 
operational control. In Britain the immediate incentives 
to adopt this course of action do not exist with the result 
that the introduction of automation is being delayed. To 
deal with this problem the Automation Analysis Depart- 
ment has been created under the leadership of Dr. L. C 
Payne, to undertake the specialized studies involved in 
this kind of work. 


Design appreciation courses for engineers 
Continuing its efforts to bridge the gap between industrial 
design and engineering, the Council of Industrial Design 
is to hold two more design appreciation courses for 
engineers in the autumn. 

A staff course will be held in two phases (October 23-27 
and November 20-24) and one for executives from Novem- 
ber 27 to December 1. Both will take place in the London 
area and, so as to make the fullest use of available time 
and encourage group discussion, will be residential 
Details from Education Officer, comp, 28 Haymarket, 
London, S.W.1. 


Radio telescope model presented to Science Museum 
A scale model of the radio telescope at Jodrell Bank has 
been presented by the United Steel Companies Ltd. to 
the Science Museum. The presentation was made by 
Mr. A. J. Peech, deputy chairman and general managing 
director of United Steel, and the model was received on 
behalf of the Science Museum by Dr. H. H. Follett, 
director. The radio telescope was built by United Steel 
Structural Co. Ltd., of Scunthorpe, a United Steel 
subsidiary. 


BISRA computer section 
In recognition of the steady g ‘wth in the scope of its 
activities over recent years, th. Computer Applications 
Section of Bisra’s Operational Research Department has 
now been renamed the Systems Evaluation Section. 

The duties of the new section, which will be headed by 
Mr. D. H. Kelley, 8.sc., will be to carry out operational 
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research investigations into the automation of large-scale 
systems. The immediate programme will be to study the 
automatic production planning and scheduling of various 
kinds of steelworks, and to investigate the information 
requirements of steelworks management 


COMPANY NEWS 
Elcontrol Ltd. announces the conclusion between the 
company and the Siegler Corporation Magnetic Amplifiers 
Division of New York of an agreement for the exclusive 
sale and manufacture of Elcontrol products in the United 
States and Canada 
The Siegler Corporation have extensive sales coverage 
in the United States, and many manufacturing plants, 
with a turnover of approaching $100,000,000 per year. 
The president of the Magnetic Amplifiers Division, 
Mr. Herbert Herz, has recently paid a visit to this country 
in order to conclude arrangements 


Hedin Ltd., of South Woodford, manufacturers of 
industrial electric heating equipment, have announced 
that as a result of continued expansion they have taken 
over additional office and works accommodation at 
Fowler Road, Hainault, Essex 

The manufacture of their industrial heating elements 
and resistances will continue to be carried out at South 
Woodford whilst furnaces and ovens will be made at 
Hainault 

Although the company was formed in 1930, it is only 
in the last six or seven years, under the direction of Mr 
James Royce, that considerable progress has been made 
in the development and manufacture of electric furnaces 
To enable Air. Royce to devote more time to research 
and development work, Mr. Dennis Hobson has been 
appointed sales manager of the Furnace Division. Mr 
Hobson, before joining Hedin Ltd., was assistant sales 
manager with Salem Brosius (England) Ltd 


Wild-Barfield Electric Furnaces Ltd. have rearranged 
some of their area representation to ensure more effective 
representation in England and Wales. The areas affected 
in which the undermentioned will also represent the 
Furnace Division of G.W.B. Furnaces Ltd. are as follows: 

Birmingham and East Midlands Office, 71 Broad 
Street, Birmingham 15 (Midland 7232 Area manager, 
G. W. Haines. Sales engineers, R. E. Butchers and 
C. A. McNeill. The area covers the entire counties ol 
Leicester, Northampton, Rutland and Warwick 

West Midlands Private address, 39 Peterdale Drive, 
Penn, nr. Wolverhampton (Wolverhampton 38450 
Sales engineer, A. V. Skelsey. The area covers the 
entire counties of Shropshire, Stafford and Worcester 

South Wales Private address, Ty-Mawr, Peterston 
super-Ely, Glamorganshire (Peterston 293 Sales 
engineer, T. M. Morgan. The area covers the entire 
counties of Brecknock, Carmarthen, Glamorgan, Pem- 
broke and Monmouth 

Sheffield and North Midlands Office, 1 Clarkehouse 
Road, Sheffield 10 (Sheffield 62784 Area manager, 
E. J. Heiser, M.1.£.£. Sales engineers, D. N. Greensmith 
and D. J. Sutherland. The area covers the entire counties 
of Lincoln, Nottingham, Derby and Cheshire and the 
East and West Ridings of Yorkshire and Lancashire 
(south of Westmorland 

Northern England Private address, 7 Gordon Road, 
Redcar, Yorks. (Redcar 5197 Sales engineer, R 
Flanagan. The area covers the entire counties of Cumber 
land, Durham, Northumberland and Westmorland and 
the North Riding of Yorkshire and Lancashire (north of 
Morecambe Bay). 
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PEOPLE 


AT THE ANNUAL GENERAL MEETING last month of the 
British Standards Institution, Mr. Geoffrey Cunliffe 
was elected president of the B.S.I. in succession to 
Mr. R. E. Huffam 

Mr. Cunliffe is managing director of Norcros Ltd., the 
industrial holdings company His connection with 
industry began in the 1920s with interests in the metal 
industries in Arizona and Mexico. In 1932 he joined 
the British Aluminium Co. Ltd. where, after five years, 
he was made deputy general manager and a year later 
appointed to the board 

On the outbreak of war he was seconded to the Ministry 
of Supply as Aluminium Controller and later he became 
a full-time member of the Board of Trade’s Industrial 
and Export Council 

He returned to British Aluminium in a part-time 
capacity in 1944, being appointed gencral manager of 
the company. A year later he became joint managing 
director and, in 1947, deputy chairman. He continued 
in this office until the change of control in 1959, when he 
was appointed head of Norcros 

Mr. Cunliffe has served as a member of council, and 
as chairman or president of the Aluminium Development 
Association, the Aluminium Industry Council, the 
British Non-Ferrous Smelters Association and other 
organizations in the non-ferrous metals world 

In 1949 he was appointed chairman of the committee 
set up by the President of the Board of Trade ‘ to consider 
the organization and constitution of the B.S.1.’ 


Mr. Gerard Young, }.?., aged 51, who was recently 
elected as 326th Master Cutler, is the first Roman Catholic 
to hold this post 

Mr. Young is chairman of Tempered Group Ltd., 
which consists of six subsidiary companies which between 
them employ some 1,300 people. He joined Tempered 
Spring Co., now one of the six subsidiaries, in 1930 as 
management trainee at a salary of £1 per week. He 





Mr. Gerard Young, 7.P 


. 


was made a director in 1936, managing director in 1942 
and became chairman on the death of his father in 1954 

The new Master Cutler takes a very keen interest in 
Sheffield civic activities, especially in the rapidly growing 
University of which he is Pro-chancellor, and in the 
hospitals E 

He is a member of the Institute of Mechanical Engineers 
and one of the founder-members of the Coil Spring 
Federation, a technical body, and its research organization 
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Mr. Frank T. Bagnall 


Mr. Frank T. Bagnall, a well-known steel maker, 
who recently retired as electric furnace melting shop 
manager from Samuel Fox & Co. Ltd., Sheffield, and 
who put into operation the first of this country’s large 
arc furnaces, has made his services available exclusively 
to Birlec-Efco (Melting) Ltd. Mr. Bagnall will help in 
the design and operation of all equipment manufactured 
by Birlec-Efco 


Dr. Franz R. Hensel, internationally-known expert in 
metallurgy and research administration, and until recently 
vice-president of engineering of P. R. Mallory & Co. Inc., 
Indianapolis, Indiana, has joined the Clyde Williams 
& Co., Columbus, Ohio, and its associated technical, 
management service and financial enterprises 

In the new position, Dr. Hensel will be president of 
the Clyde Williams Corporation and executive vice- 
president of Clyde Williams & Co., the parent organization 
to the various subsidiary operations of the firm. 

Dr. Hensel, who was born in Germany in 1904, has 
had a varied career in metallurgical research, product 
development and the engineering of materials. A graduate 
of the Royal Gymnasium in Dresden and the Mining 
Academy in Freiberg, he also studied at the University 
of Sheffield, England, and at the Technische Hochschule, 
Charlottenburg, Berlin, receiving his doctorate in 
engineering from the latter institution. Coming to the 
United States in 1929, he joined the Westinghouse 
Laboratories, where he conducted studies on age-harden- 
ing phenomena in copper alloys, austenitic steels and 
arc-welding deposits. He became associated with P. R 
Mallory in 1934 as metallurgical consultant and progressed 
through that company to the vice-presidency of engineer- 
ing. Dr. Hensel’s work at P. R. Mallory led to more 
than 150 patents, issued in the United States and Europe, 
covering such subjects as refractory metal compositions, 
electric contact materials, brazing alloys, copper alloys, 
bearing materials, sintering and diffusion processes, 
metal non-metal compositions and bimetallics. He was 
associated with much of the early work conducted in 
the United States on titanium, tungsten, molybdenum 
and semi-conductor materials. 


Mr. A. C. Sturney has been elected to the board of 
the International Nickel Co. (Mond) Ltd. He relinquishes 
his appointment as general manager of publicity 

Mr. Sturney joined the International Nickel Co. in 
1927 as their representative in London, with the task of 














october, 1961 








2. Angle Grinders for Fett- 
ling, Notching and Rubber Disc 
Sanding 


3. Silent Drills from 400 to 
18,000 r.p.m 
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PNEUMATIC TOOLS 


1. Diegrinders, 90,000, 40,000, 
22,000, 13,000 r.p.m 


4. Nylon Blowguns almost 
indestructible 


5. Rust Brushers, 3,000 r.p.m. 
for Cup or Wheel Brushes 


6. Grinders—-4,300 r.p.m. to 
13,000 r.p.m 


Also—Hammers and Chisels, Screwdrivers, Surface Descalers, Air Vice 
with safety feature, Quick Action Plugs, Sockets, Hoses and all types of 


Send for Catalogue ZAI. 


B. 0. MORRIS LTD, Morrisflex Works, COVENTRY 


Manchester Glasgow 
Leeds Bristol Whitley Bay Sydney, Australia 
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forming the first Bureau of Information on Nickel. On 
the merger between Inco and Mond in 1929 he became 
responsible for U.K. publicity. He was made general 
manager of publicity in 1954. 

Mr. Sturney began his metallurgical and mining 
studies with the Royal School of Mines, graduating with 
a B.Sc., and subsequently worked at the National Physcial 
Laboratory under Dr. W. Rosenhain 

Mr. Sturney will be succeeded as general manager of 
publicity by Mr. L. F. Denaro, who will relinquish his 
appointment as assistant to the managing director. 


Mr. D. Parry Davies has been appointed a director 
of Mond Nickel (Retirement System) Trustees Ltd. 
and is succeeded as comptroller of the International Nickel 
Co. (Mond) Ltd. and Henry Wiggin & Co. Ltd. by 
Mr. L. C. H. Voss. 


Mr. C. W. R. Edwards has been appointed secretary 
of the International Nickel Co. (Mond) Ltd. and Henry 
Wiggin & Co. Ltd. in succession to Mr. E. Vaughan. 
Mr. E. Vaughan remains a director of both companies. 


The Incandescent Group of companies has appointed 
Mr. W. S. Sinclair to be manager of its Cardiff office 
as of the beginning of August. 


Mr. Charles W. Brunstetter has been appointed 
general manager of Ipsen Industries Inc. 

Mr. Brunstetter joined Ipsen Industries in September 
of 1960. He has been responsible for the development of 
the Refractory Metals Division of Ipsen Industries and 
served as manager of the division. Prior to joining the 
firm, Mr. Brunstetter was vice-president of Astrometals 
Corporation of Hawthorne, New Jersey. He has carried 
out research and development projects with NASA 
in the use of refractory metals for space age requirements 
He has also been associated the Thermionic Products Co. 
of Plainfield, New Jersey 


B. & S. Massey Ltd. advise the retirement of Mr. 
Denis L. Perry, sales manager, after over 48 years’ 
service with the firm. 

Mr. J. H. Callagham, who joined the company in 
1937, becomes sales manager, and Mr. E. R. Beesley 
assistant sales manager 


Mr. D. R. Walker, A.c.c.s., has been appointed secre- 
tary of the Vitreous Enamel Development Council, and 
the registered offices have been transferred from 11 
Ironmonger Lane, London, E.C.2, to 28 Welbeck Street, 
London, W.1 (Hunter 2237). 


British Insulated Callender’s Cables Ltd. regrets to 
announce the death last month of Mr. Samuel Bellis, 
sales manager (central marketing) of BICC. He was 
aged 63 and died in hospital at Cobham, Surrey. 


Mr. R. B. W. Holland, formerly general manager of 
Head Wrightson Stockton Ltd., has been appointed 
London manager of Head Wrightson & Co. Ltd. 

Mr. J. D. Eccles has been appointed director and 
general manager of Head Wrightson Stockton Ltd. 

Mr. G. F. Taylor has been appointed general manager 
of Head Wrightson Steel Foundries Ltd. 

Mr. A. J. Long has joined the Head Wrightson Export 
Co. as general manager. 

Mr. E. J. Robinson has been appointed a director of 
the Head Wrightson Export Co. Ltd., which is responsible 
for the development of trade in overseas markets for the 
Head Wrightson companies. 

Mr. R. F. N. Otway has joined the Head Wrightson 
Export Co. Ltd. as manager (Europe). Before 
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taking up this appointment Mr. Otway was with the 
Morgan Crucible Co. Ltd. 

Mr. G. Paterson has been appointed personnel 
manager of Head Wrightson & Co. Ltd. 


Sanders & Forster Ltd., of Stratford, London, and 
Barking, Essex, the standard steel building and structural 
engineering company of the Chamberlain Group of 
Building Construction, Engineering and Property Com- 
panies at 3 Buckingham Palace Gardens, London, S.W.1, 
announces the appointment of an additional director to 
the board. 

Formerly the company’s general sales manager, Mr. 
J. F. D. Wood, A.M.1.C.£., has now been appointed sales 
director. 

Mr. Wood joined the company in 1954 as erection 
manager and was appointed home sales manager in 1957. 
In 1958 he became sales manager and he was made 
general sales manager early this year. 


Mr. H. C. H. Matthews, B.SC., A.M.L£.£., has been 
appointed a technical director of Pantak Ltd., of Vale 
Road, Windsor, Berks. 


Dr. J. E. Holmstrom, who has recently joined Per- 
gamon Press, has had a varied career. After beginning 
as an engineer on railway construction and surveying in 
China and Malaya he worked as a bridge designer in 
London, and whilst so engaged obtained his doctorate 
for a thesis on the economics of transport. Then came 
some years on technico-economic investigations in the 
Development Department of I.C.I. After war service, 
holding military staff appointments, he returned to I.C.I. 
in charge of the Central Registry for correspondence and 
technical information. From 1950 to 1958 he worked 
in the Department of Natural Sciences of UNESCO as 
specialist for questions of documentation and multi- 
lingual terminology. 

In Pergamon Press Dr. Holmstrom becomes secretary- 
general of the Scientific Conference Centre, now estab- 
lished to assist the organisers of international meetings. 
In addition he will edit certain other special categories of 
publications such as those relating to information work, 
multilingual special dictionaries, and possibly translations 
of Chinese science. 


The George Cohen 600 Group Ltd. announces that 
Mr. John P. Bolton has been appointed managing 
director of its Australian subsidiary, George Cohen, 
Sons & Co. (Australia) Pty. Ltd., of Sydney. He suc- 
ceeds the late Mr. C. A. Bell. Mr. Bolton has been 
associated with the 600 Group since 1946. 


Mr. John T. McCarley, director of manufacturing— 
international, has been appointed managing director of 
the British Division of the Yale & Towne Manufacturing 
Company. Mr. McCarley, who is 52, joined Yale & Towne 
in 1936, in Detroit, Mich. He succeeds Mr. John O. 
Sewell, who has resigned his position in order to accept 
an executive position with a prominent British company. 
Mr. Sewell will remain with Yale & Towne in an advisory 
capacity until taking up his new appointment on Sep- 
tember 1. 


After 48 years’ service with the General Electric Co. 
Ltd., Mr. A. B. Price, B.SC., A.M.I.MECH.E., sales manager 
of the company’s engineering works at Erith, retired last 
June. To mark the occasion a cheque was presented to 
Mr. Price, on behalf of G.E.C., by the general manager 
of the Erith engineering works, Dr. K. J. Wootton. 
The many friends and colleagues of Mr. Price also 
recognized him by subscribing to a walnut cocktail 
cabinet. 
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f . b temp panels operating 
actory Heating-1 at surface temperatures of 400° to 600" F. 
c) Extended surface heating in 
of floorwarming operating 
The space heating of factories by electri- Cuees Up 98.90'5 
cal means can be achieved in a variety of d) Oil and water filled radiators 
ways which will be dealt with in the Tubular heaters 
next Data Sheet f) Unit heaters 
Before deciding on any f of é block heaters 
factory space heating—whether by boilers and water heaters opera- 
means of electricity or not —it is as well conjunction with hot water 
to have clearly in mind all compo rs Or panels cither with or with- 
nents of the total annual running cost water storag 
and not merely the fuel cost, of th 111 th method heating can b 
heating installation ded into t 








They are: “ 

(A) The cost of the fuel or the electricity 

(8) Interest and depreciati n the capital ‘ ity enever the 
cost of the D E&F in use (i.c, direct 


installation, 
(C) Labour, ay a» 
(D) The cost of run- Cc 
ning auxiliary A\ 
plant suchasfans [————\ 
and pumps, 
(€) Maintenance, B 
(F) Insurance. : ‘ 
In comparing fuel costs it should be 
borne in mind that electric heat is re- 
fined heat and has had all the fuss, 


bother, dirt, and cost of the conversion of 


fuel into heat taken out at the generating 
Station. 


In arriving at the true figures for 
capital cost and depreciation, mainten- 
ance and insurance, those connected 
with such items as boilerhouse, chim- 
ney, fuel store and access road should 
be included; labour costs should in- 
clude such tasks as ash disposal. None 
of these items occurs when electricity 
is used, although space will be required 
for the electric boiler and storage 
vessels in the case of the type (h) in 
the next column 


Electricity provides the ideal answer 
to the requirements of the Clean Air 
Act, the impact of which has introduced 
an important new factor during the last 
few years. 








NO DUST 
NO FUMES 
NO SMOKE 
NO ASHES 








The following list gives the main types into 

which electric heating installanons fall: 

(a) High temperature (“‘infra-red”’) over- 
head heaters operating at near red heat. 


electric h 





catcrs 


The use of a heat storage system in a 
small works on a block tariff takes ad- 
vantage of the lower tariff offered for an 
off-peak supply, and in the larger 
factory on a Maximum Demand tariff 
means that the heating load will not 
incur any M.D. charge. Alternatively 


Available for Space Heating 


$$} — —~+—— —EE 


} 


a4 








FACTORY LOAD CURVE 


I2 pm ban len 6o~ pew 
there may be cases where the use of 
irect electric heater 1 be integrated 
with other factory loads in such a way 
that they are not used during the factory 
peak periods and will thus incur no 
additional M.D. charge 


or further information, get in touch 


tricity Board or write 
t e Electrical Development 
Association, 2 Savoy Hill, London, 
W.C.2. Tel: TE Mr le Bar 9434. 
Excellent reference books on the 
industrial and mmercial uses of 
reprints of articles 





ciectricity an 
and papers are available. An ex- 
ample 1s Higher Industrial Pro- 
duction with Electricity "’ (price 8/6 


| each or 9/- post free 
| E.D 





A. also have available on free 
loan in the U.K. a series of films on 
the industrial uses of electricity. 
Film and Book catalogues and Pub- 
lications List sent on request saape-s 
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NEW PLANT 


Non-contact gauges 

To KEEP pace with the need in industry for improved 
quality control and high production speeds, many 
manufacturers have been turning to non-contact gauges 
to improve dimensional tolerances during production. 
Recently one of the largest manufacturers of this type of 
gauge, the American Daystrom company, established a 
U.K. technical sales and service facility at Gloucester 
known as Daystrom Ltd. Several basic models of gauge- 
utilizing X-rays, infra-red rays and visible light for the 
measurement of thickness, width, diameter or profile of 
material are produced by Daystrom. The X-ray gauge is 
used primarily with rolled or extruded products and is 
suitable for a wide variety of materials in this field. 

The gauge is known as the XactRAY and consists of 
three basic elements, an X-ray generator, which directs 
controlled beams of X-rays through the material being 
measured, the X-ray incident unit or pick-up, which 
converts the transmitted electromagnetic energy into an 
electrical signal, and an electronic console, which computes 
and converts the signal into meter indications. Dimen- 
sional changes are displayed as a deviation from the pre-set 
nominal thickness on an indicator calibrated in any unit of 
density or thickness. A signal proportional to thickness 
deviation is available to operate automatic thickness 
control, data-logging devices, and strip chart recorders for 
permanent records, or marking of off-gauge material. 


430 


Equipment 

The X-ray generator and pick-up unit are mounted on 
opposite sides of the material which is being measured 
Units are usually mounted on a steel ‘ C ’-type frame so 
that their distance apart is fixed; this distance varies, 
depending on the application, between 6 and 36 in. The 
frames can be mounted on wheels and motorized to 
allow positioning of the X-ray beam at any point across the 
width of the material being gauged. In installations where 
space is limited, the X-ray generator and pick-up unit can 
be permanently mounted in the production machine. 
One of the features of the XactRAY is its compact design. 
For example, a gauging carriage to measure up to 0-150in. 
in carbon steel or 2 in. in aluminium, is only 6 in. wide 

Both X-ray generator and pick-up unit have been 
designed to operate under severe mill conditions and are 
sealed against oil, water and steam. In situations where 
they are liable to mechanical damage, special armoured 
gauges are available. 

The electronic console is preferably located in the motor 
room within 100 ft. of the X-ray source. Positive filtered 
air pressure is, however, maintained within the cubicle 
to ensure reliability in locations where airborne dust and 
dirt are prevalent. All electronic components are mounted 
on a special hinged modular chassis to permit inspection 
during operation. 


Thickness setting 

A patented feature of the XactRAY is a device for 
inserting metal standards into the X-ray beam for calibra- 
tion purposes. These standards are enclosed in a sealed 
chamber directly above the X-ray source and are inserted 
into the beam by rotary solenoids. The system enables an 
operator at a remote position to select the exact thickness 
to be measured in increments as small as 0-0001 in. 
Normally, the XactRAY can be set to a new thickness 
range in less than 10 sec., including time for recalibration 
Where materials of different densities are to be gauged, a 
multi-position selection switch, which automatically 
compensates for any variation of density, is provided. 
Performance 

Five models of the gauge give a range from 0-00035 in. 
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for aluminium foil to 2-in. steel plate; amy one model has 
a thickness range of up to 200 : 1 (a 60-kV. X-ray generator 
is suitable for 0-010-2-00 in. of aluminium). Accuracy is 
better than + 1°, of the thickness being measured and to 
special order this figure can be improved to 0°5 
Stability is guaranteed for at least 8 h. 


Classified Advertisements 


FIFTEEN WORDS 7s. 6d. (minimum charge) and 4d. per word 
thereafter. Box number 2s. 6d. including posiage of replies. Situations 
Wanted 2d. per word 

Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and Drop Forging, John Adam 
House, John Adam Street, London, W.C.2 


SITUATIONS VACANT 


SECTION BUYER (SWEDEN). Principal Swedish manu- 
facturer of agricultural tractors and equipment, located 
south-central Sweden, require young single man as 
Section Buyer to be principally concerned with purchase 
of forgings and like components. Essential applicants 
thoroughly experienced this branch of purchasing. Know- 
ledge of Swedish language not essential. Excellent oppor- 
tunity in progressive organization for selected applicant. 
Write full details, education, experience, positions held 
in confidence to Box No. SB141 METAL TREATMENT AND 
DROP FORGING. 


JOSEPH LUCAS LIMITED 


The Lucas Group Research Laboratories have a 
vacancy in the Metal Treating Department at 


Great King Street for a 


METALLURGIST 


of Graduate or A.1.M. level 


The Department is concerned with the study of a wide 

variety of thermal treatment with interests including 

transformation studies; sintered materials; solid, 

liquid and gaseous methods of diffusion; electrical dis- 

charge systems; equipment engineering; metallography 
and special testing techniques 





The post is per t and p i ble and a good 
starting salary will be paid 


Apply in writing, stating age, qualifications and experience 
to the 


Personne! Manager 
JOSEPH LUCAS LIMITED 
Great King Street, Birmingham, 19 
quoting reference PM GR 534 
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SITUATIONS VACANT—continued 


GENERAL CHEMICALS DIVISION 


for 
HEAT TREATMENT 


The ENV heat treatment 


has a vacancy for a 


METALLURGIST 


for Technical Service work. The successful plant is one of the most 
candidate will be attached to the Division’s modern and comprehensively 
Heat Treatment Section, near Birmingham, equipped in the London area. 
and will be required to advise customers on vecineies nclude full metal- 
problems relating to the treatment of ferrous @ urgical control, quenching 
, press equipment and electric- 
metals in molten salt baths, and allied matters ally controlled flame harden- 
Applications will be welcomed from men ing machine 
between the ages of 25 and 33, preferably with Enquiries for heat treatment 
a metallurgical degree, A.I.M. or L.I.M., and of production quantities are 


engineering works experience. The position invited. 


carries a good starting salary, membership of the 
Staff Pension Fund, and eligibility for the Com- E.N.V. ENGINEERING CO. LTD 
pany’s Profit-Sharing Scheme. Some help may j 
be given to married men towards housing and 
removal expenses in approved cases. 

Please apply in writing, giving brief tabulated 
details of age, qualifications and experience to: 
Staff Manager, Imperial Chemical Indus- 
tries Ltd., General Chemicals Division, 
Cunard Building, Liverpool 3. 


FOR CONTINUOUS NORMALISING 


MACHINERY FOR SALE 


Hythe Road, Willesden, N.W.10 
Telephone : LADbroke 3622 





AP 112 


ETHER COMBINED TEMPERATURE INDICATORS AND REGULA- 
TORS, zero/1,000°C. Six instruments. 

Ether combined indicator and chart recorder, zero 
1,000°C. Two instruments. 

Two G.E.C. photo-cell equipments comprising projector, 
type LLH, control relay, type A, and photo equipment, 
type MD. 

Two process timers by Burrell, Sheffield, zero/30 sec. 
Five Ether-type 650 ‘ Throttltrol’ control units. 

Six McClaren protective thermostats 250/1/50, 5 amp., 
200/750°C. 

All above second-hand, unused. 


WHITEFIELD MACHINERY & PLANT LTD., 
48 Chatham Street, 
Edgeley, Stockport, Cheshire. 





ERIE 8,000-lb. HAMMER, new 1938, 
unused since 1947, no defects, operation 
by steam or air, dismantled. Available 
immediately.— Box No. EEI142, METAL 
TREATMENT AND DROP FORGING. 








Two— Heenan & Froupe Tyre P.66 O1L-CooLeR UNITS, | ANNEALERS LTD 
complete in all details; condition unused. Two— 

Vickers-Detroit Hydraulic Pumps, Type V.105.C.— PENISTONE RD SHEFFIELD.6. 
Whitefield Machinery & Plant Ltd., 48 Chatham Street, 
Edgeley, Stockport. 
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BRIGGS - AJAX 
Plaza Works, High St., Merton, S.W.19 | Range of 
° | AIR GRINDERS 
Spe cialized Heat Treatment which have achieved an enviable reputation for 


. . reliability since their introduction 21 yrs. ago. 
in our NEW Capacity Furnace 








with non-oxidizing atmosphere AAA RUSROR, (SRO +.p.m. for Stones 
#” to }” dia. 
hd AJAX MK. Ill, 50,000 r.p.m. for Stones 
: }” to 2” dia. 
SPeReAeL eB SSICNED for the heat BRIGGS MK. II, 28,000 r.p.m. for Stones 
| treatment of high temperature alloy }” to |” dia. (deep reach) 
l materials up to 1,300°C. BRIGGS MK. V, 10,000 r.p.m. for Stones 
l 1}” to 2” dia. 
e 





Literature on request from Manufacturers 
Enquiries will be dealt with personally by our 


smog | BRIGGS BROS. (ENGINEERS) LTD. 
Technical S. * Rin HERRYWOOD 2291/2 
cnenectaar a pes i | 206 EDWARD ROAD, BIRMINGHAM, 12 
| Telephone: CALthorpe 2995 


AJ.D. DAARM. LEME. & ARB. Approved 











STAINLESS STEEL 
HEAT RESISTING 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 





CYANIDING POTS 


CASE HARDENING BOXES 
CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM etc. 


HIGHLY ALLOYED STEEL 
CASTINGS 


*JOFO’ castings are available in 
a wide range of qualities 


HIGH SPEED TOOL, DIE 

& SPECIAL ALLOY STEELS 

also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 







From a few ozs up to 25 cwts each 


M.0.S approved inspection facilities installed 
Routine X-ray control 


HA Johnson . $es Sd 


Regd. Office 
BROADFIELD RD. SHEFFIELD 8 
Telephones : 524314 
Office end Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry ; Aizlewood Rood, Sheffield 
Machine Shops: Broocfield Road. Sheffieid 
London Office : Central House, 
Upper Woburn Place, W.C.!. 

. (EUSton 4086) 
Giasgow Office : 93 Hope Street, C.2. 





(Central 8342/5) . 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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The new LASCO 








High-Speed Hammer with 





short stroke and 





extra heavy tup, specially 








suitable for multi- 








impression work. With 





single stroke or continuous 


operation control. 








*K 


Convert your old board, belt, 
or steam hammer by fitting 
a modern LASCO driving head. 


HIGH-SPEED 
ELECTRO-HYDRAULIC 
DROP-HAMMER Type KH 











| 

















| 
Hi 
| 











1} 
i 


PAUL GRANBY & CO.LTD. 


¢ 39 VICTORIA STREET-WESTMINSTER-LONDON -SW iI 


Telephone ABBEY 5338 Telegrams: POWAFORGE. SOWEST. LONDON Cables: POWAFORGE, LONDON 








HHH 
i Hh 
HT 
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ABBEY HEAT | 
TREATMENTS LID. | 


Plaza Works, High St., Merton, S.W.19 
e 
Specialized Heat Treatment 


in our NEW Capacity Furnace 
with non-oxidizing atmosphere 


SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 





materials up to 1,300°C. 





fe 

| 

| Enquiries will be dealt with personaily by our 

|| Technical Staff * Ring CHERRYWOOD 2291/2 
| 

| 











AID. D.LARM. LEME. & A.R.B. Approved 


| 








Cut your finishing costs on 
DIE SINKING & FETTLING 

By using the British made 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


AJAX JUNIOR, |00,000 r.p.m. for Stones 
#y” to #” dia. 

AJAX MK. Ill, 50,000 r.p.m. for Stones 
}" to #” dia. 

BRIGGS MK. Il, 28,000 r.p.m. for Stones 
4” to |” dia. (deep reach) 

BRIGGS MK. V, !0,000 r.p.m. for Stones 
12” to 2” dia. 

Literature on request from Manufecturers 

BRIGGS BROS. (ENGINEERS) LTD. 

206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 











CYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM etc. 





STAINLESS STEEL 
HEAT RESISTING 


a“ 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 


HIGH SPEED TOOL, DIE 

& SPECIAL ALLOY STEELS 

also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 








HIGHLY ALLOYED STEEL 
CASTINGS 


*JOFO" castings are available in 
a wide range of qualities 


From a few ozs up to 25 cwts each 


M.O.S approved inspection facilities installed 
Routine X-ray contro! 


A Johnson . Bais Sid 


Regd. Office 
BROADFIELD RD., SHEFFIELD 8 
Telephones: 5243! /4 
Office and Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry: Aizlewood Road, Sheffield 
Machine Shops; Broadfield Road, Sheffield 
London Office : Central House, 
Upper Woburn Place, W.C.!. 
(EUSton 4086) 

Giasgow Office : 93 Hope Street, C.2. ; 
(Central 8342/5) : 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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The new LASCO 








High-Speed Hammer with 





short stroke and 





extra heavy tup, specially 








suitable for multi- 








impression work. With 





single stroke or continuous 


operation control. 


*K 


Convert your old board, belt, 





a modern LASCO driving head. 





HIGH-SPEED 
ELECTRO-HYDRAULIC 
DROP-HAMMER Type KH 











or steam hammer by fitting | 
| 


























i| 
HTL 


AUL GRANBY & CO.LTD. 


IG 39 VICTORIA STREET-WESTMINSTER*LONDON -SWiI 


Telephone ABBEY $338 Telegrams: POWAFORGE. SOWEST. LONDON Cables: POWAFORGE. LONDON 
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concerned with 


annealing scale 


rust removal 





i 
i 
| 
i 
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If you are involved in all or any of these 
processes then it may well be worth your 
while to get in touch with E. & A. West Lid. 

In all probability they may be able to 

solve some of your problems in these fields or 
suggest more economical or efficient methods. 
Their Technical Advisory Service is at the 
disposal of Industry and will be glad to get to 
grips with your particular problem. 


Are you 


The answer may even be in their impressive 
library of “case histories’’. 
Please do not hesitate to call them in. 


or corrosion 


prevention? 


This service is freely given and non-obligatory. 





18/8 Stainless Stee! sur- 
face after two hours in 
Nitric Hydrofluoric Acid 
bath. Over pickling has 
resulted in etched crystal- 
line surface. 


For technical advice or product 
data you are invited to write to:- 


E. & A. WEST Limited, 


Telephone: Derby 45008. 


Wet Ss 


CHEMICALS FOR INDUSTRY 





18/8 Stainless Stee! sur- 
face after two hours in 
Ferric Sulphate Hydro- 
fluoric Acid bath. Over 
pickling has had no effect 
on the metal surface. 


Patches of red scale left 
on brass after pickling in 
7% Sulphuric Acid 


Bright,even surface on the 
same brass after pickling 
in 5% Sulphuric Acid with 
added Ferric Sulphate. 





Ferric Sulphate. As a pickling agent results 
in rapid, clean and fume-free method of 
descaling stainless steel, copper, brass and 
nickel silver and an improved method of 
etching mild steel surfaces prior to coating. 
Non-fuming, non-toxic, safely handled. 
Westolite Rust Remover. This is supplied 
in two forms: liquid and thixotropic. The 
former is recommended for dipping batches 
of ferrous metal goods. It is a particularly 
efficient phosphating material which combines 
effectively with the surface metal to 

produce a protective non-rusting layer. 
Thixotropic Westolite has been developed 

for use on industrial plant, structural 
steelwork, and in situations where immersion 
is precluded. In the form of a gel, 

Thixotropic Westolite becomes temporarily 
free-flowing when applied with a brush but 
after application resumes its paste-like 
consistency. Advantages include, adherence to 
vertical surfaces, no drips and no wastage. 
Also manufactured is a range of Industrial 
chemicals including Dipping Acid, Nitric Acid 
and Hydrofluoric Acid. 


Parcel Terrace, 


DERBY. 
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; Es 


RAIN THaT TA N 


Beneath the highly polished 
surface lies the real substance 

grain you don't normally 

nd yet the flow of that 

steel crankshafts is the 


measure of the metals 


process a process 
nmense advantages over other 
methods 

For one thing, it ensures that 
grain flow in the meta 


ows 


the 





fo the contour of the 


rankshaft and gives that 
additional strength at points of 
stress concentration where 
iS most needed 

ENGLISH STEEL can supply 
large crankshafts manufactured 
by the C.GF. process with pins 
and journals up to 12 ins 


finished diameter 


ci i-). ee -3-3a FORGE AND ENGINEERING CORPORATION LTD. 


SHEFFIELD 
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STAINLESS 


AND ALLOY STEEL 


HIRE COGGING & ROLLING 


AT VERY COMPETITIVE RATES! 








RAW MATERIAL PRODUCTS 
INGOTS BLOOMS - BILLETS 
BLOOMS SLABS ~- FLATS 
BILLETS ANGLES - BARS 





QUICK TURNROUND: SKILLED TECHNICAL CONTROL: ADEQUATE STORAGE 


THE STEEL CO. OF SHROPSHIRE LID. 


PRIORS LEE, NEAR OAKENGATES, SHROPSHIRE 
Send for full particulars—Sales Office: 534 Attercliffe Road, Sheffield 9. Phone: 49551 


. tHe 4 For the protection 
CALOIR! iL I IN tes! 


PROCESS oxidation 
at high 


CASE-HARDENING BOXES AND POTS © ANNEALING BOXES AND POTS tem peratures 
SALT BATH POTS - CYANIDE BATH POTS - LEAD BATH POTS 
MOLTEN METAL CONTAINERS © PYROMETER PROTECTION SHEATHS 
RECUPERATOR AND AIR HEATER TUBES - FURNACE MUFFLES 
SUPERHEATER SUPPORTS - SOOT BLOWER ELEMENTS 

KILN PIPES AND CAPS - FURNACE DAMPERS 

LADLES FOR METAL POURING 

NITRATE OF SODA BATHS - RETORTS 

TUBES FOR WIRE ANNEALING FURNACES 

FURNACE HEARTH PLATES - FURNACE COMPONENTS 

















A few applications of the Calorizing Process 























Write for publication No 1301/1 


THE CALORIZING CORPORATION OF GREAT BRITAIN LTD. 
LYNTON HOUSE, 7/12 TAVISTOCK SQUARE, LONDON, W.C.1 Tel : EUSton 4321 
Works . Renfrew 4 Dumbarton 
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ARE YOU 
“LAWFUL PREY’? 





Remember Ruskin's quotation about those who buy solely 
on price? (We'll quote it in full for the benefit of anyone 
who has not heard it, if he cares to write in.) 


Whether you buy on price, performance, or both fact 
is that in using a cutting oi! recommended by Edgar Vaughan, 
you can be certain of a really wise “buy”. Its use will ensure 
increased production, better finish, lower labour costs, 
longer tool life. . . in plain English--VALUE FOR MONEY 
An experienced representative will gladly cal! to assist in 
solving your cutting oil problems, without obligation 


Please write or telephone 


METAL CUTTING OILS 


An interesting brochure entitied ‘‘ Metal cutting oils ’’ is available 
e@pplications on your business heading, please. 


Vaughan 


LEGGE STREET, 
BIRMINGHAM 4 


Works and depots at 
Birmingham, London (South- 
all), Manchester, Liverpool, 
Bristol, Glasgow 





in association with the Houghton group of companies all over 
the world 
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Forced-air circulation at 


100 


an important advance in 
furnace design by , 





This highly successful furnace was designed and 
constructed by us to meet the following 
RoOLis-RoyYce specification 
1. variable temperature range up to 1,100 C 
2. tolerance ol 10°C. throughout the range 
3. even temperature distribution all through 
4. heating chamber size 4’ 6" x 4° 6" x 5° 0 
We overcame the problems involved by using 
forced-air circulation with the fan assemblies mack 
of * Nimonic 75” heat resisting alloys mounted 
on air-cooled tubular shafts. The air guide, whict 
was also made of ‘ Nimonic 75,’ was supported 
from the roof to reduce distortion at maximum 
temperature. The heating elements were housed 
in refractory grooves to facilitate easy replacement 
even with the furnace still relatively hot 

Tests before shipping were entirely successful, the 
temperature variation being : 
5°C. at 750°C. and negligible 
at 1,100°C. The furnace is 
used for the heat treatment 
of Rolls-Royce ‘Con- 
way, ‘Avon,’ and 
‘Dart’ jet engine 
assemblies g 















For your INDUSTRIAL 

next ELECTRIC 

electric furnace HEATING 
consult SPECIALISTS 





Hedin Limited, Fowler Road, Hainault, Essex 
Telephone: Hainault 303! 
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small 


awkward 
or simple 


If it’s a job for 
precision surface 
hardening with little 
dimensional change, 
then it’s a job for the 
special skills and 
special equipment of 
Flame Hardeners 
Whether you deal in 
quantities or have an 
individual hardening 
problem, call in Flame 
Hardeners from the 
Their experience 
and knowledge can save 
you a lot of trouble 

not to Mention cost 


Start 


CASTINGS, GEARS, TYRE ROLLS, 
CRANE WHEELS, BALL RACE 
RINGS, WIRE ROPE SHEAVES, 
AXLE PINS, . CHAIN PINS AND 
lANKS, SHEAR BLADES, ROLL 

i MACHINE TOOI 


BEDS, in fact 
anything and 
verything that 
requires precision 
surface hardening 
Send for literature. 


Flame 
Hardeners iro 


Everywhere in the British Isles served from: 


SHORTER WORKS, BAILEY LANE, 
SHEFFIELD, 1. Telephone: Sheffield 21627 
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THOMAS ANDREWS 


AND COMPANY LIMITED 
High-Grade Steel Makers 





“MONARCH” 
 HARDENITE™ 
“HELVE™ 





HIGH SPEED STEELS 
HOT & COLD DIE STEELS 
1 TOOL HOLDER BITS 


( CARBON & ALLOY TOOi 
) STEELS forALL PURPOSES 


( CARBON TOOL STEEL fo 
) CHISELS, PUNCHES, &« 


ROYDODS WORKS ANO 
HARDENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD 4 


Export Department 
THE HARDENITE STEEL COMPANY LIMITED 


Telepnene 
Sheffield 22/3) 


Telegrams: 


Shaking, Sheffield 4 | 
| 





























ARB DGI APPROVED 


ELECTRO HEAT 
TREATMENTS LTD. 


BULL LANE WEST BROMWICH 
Telephone WES 0584—0756 


BRIGHT ANNEALING 


Copper and steel pressings, bolts, strip, 
etc. 


BRIGHT HARDENING 
Bolts, springs, etc Also large compo- 
nents up to 3 ft. 


CASE HARDENING 


Carbonitriding and Gas Carburizing up to 
4ft. 6in. High frequency up to 10 kVA. 


LIGHT ALLOYS 


Solution and precipitation up to 10 ft. 


We specialize in the use of controlled 
atmospheres for all heat treatment. 
100 ton weekly capacity - Laboratory 
supervision 


Local deliveries 
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tool life trebled! 







COLLOIDAL GRAPHITE 


GRAD, by constant research and 
exhaustive laboratory and field tests, 
are meeting the exacting demands 
gy ™ of British industry by supplying 
colloidal graphite dispersions that 
in many instances can double overall production 
Another significant aspect of the enterprising services that 
GRAD provide for their customers, is delivery in half the 
normal time. If yours is a lubrication problem consult 
GRAD. They know what you may want to know about 
lubrication. 





cleaner to use! 


GRAPHOIDAL DEVELOPMENTS LTD 


CONSULTING LUBRICATION ENGINEERS 
WREAKES LANE, DRONFIELD, NEAR SHEFFIELD 





OIL OR WATER 
QUENCHING CALLS 
FOR MODERN 
EQUIPMENT 


The 


CUI; 


QUENCHING MACHINE 
SELF-SEALING 
SELF-OPENING 





This essentially reliable machine, perfected over an extended period, 
is one of the most advanced units of its kind. 





SAFETY EFFICIENCY 

The canopy door opens and Automatic load washing by oscilla- 
The Gibbons-van Marle Churging closes automatically, sealing off tion. Drive units are robust and 
Machine is a natural complement to the quenching tank. Fire haz there are no complicated mechan 
the Gibbons Quenching Machine ards and the steam nuisance isms to give trouble. Control by 

are eliminated. push-button 


All enquiries to GIBBONS BROTHERS LTD. 


G,102 
Dudley. Worcestershire 











metal treatment 
and Drop Forging 


46 


1961 


october 


FRANKLIN FURNACE CO. 


A section of a Special Gas fired 
Mould Heating furnace at Deritend 
Precision Casting Ltd. 








FRANKLIN FURNACES 


There's big savings in terms of dependability 
and easy maintenance when Franklin are called 
in on that furnace installation. Long experience 
in the supply of standard, and the design of 
special furnaces mean the snags are quickly 
ironed out. Furnaces fired by ‘Dine’ Burners 
give easy maintenance and fuel economy, that's 
why more and more well-known Companies are 
now counted as customers. 

Our team of experts would welcome the chance 


to look into your furnace problems. 


4 


FRAN KILI i] MANUFACTURERS OF INDUSTRIAL 
FURNACES AND OIL BURNING 
EQUIPMENT FOR ALL PURPOSES 





LTD., BAKER STREET, SPARKHILL, BIRMINGHAM II, ENGLAND 








INDEX TO ADVERTISERS 


Abbey Heat Treatments Lid 
A.C.E.C 

AE Birlec Led 

Alidays & Onions Ltd 
Andrews, Thos., & Co. Ltd 
Annealers Ltd 


Birlec-Efco (Melting) Ltd 
Brayshaw Furnaces Ltd 

Briggs Bros. (Engineers) Led 
British Furnaces Ltd 

British Iron and Steel Federation 
British Resistor Co. Ltd., The 
Broadbent, Thos., & Sons Ltd 
Burbidge, H., & Son Led 


Calorising Corporation of Great 
Britain Led. (The) 

Carborundum Co. Ltd 

Coventry Machine Too! Works Ltd 

Cronite Foundry Co. Ltd, (The) 


Doncaster, Daniel, & Sons Ltd 
Dowding & Doli Led 
Dowson & Mason Ltd 


Efco Furnaces Led 

Electrical Developments Assn 

Electrofio Meters Co. Led 

Electro Heat Treatments Led 

Engelhard industries Ltd 

Engineering Heat-Treatments (Man 
chester) Led 

English Electric Co. Ltd 

English Steel Corporation Ltd 

E.N.V. Engineering Co. Ltd 


26 
35 


44 
10 


4) 
37 


Echer Ltd 8 Morganite Crucible Ltd 2u 
Eumuco (England) Led 7 Morgan Refractories Ltd 

Morris, B. O., Ltd . 33 
Fel-Electric Led 
Firth, Thos., & John Brown Led ‘ National Machinery Co. (The) i 
Firth-Derihon Stampings Ltd Newall, A. P., & Co. Led 
Flame Hardeners Ltd 44 
Franklin Furnace Co. Ltd 46 Premier Oil Burners Ltd 

Priest Furnaces Ltd 48 
Garringtons Ltd 
Gas Council x 22 & 23 Shell-Mex & B.P. Gases Led 9 
General Electric Co. Led Siemens-Schuckert (G.B.) Ltd 
General Refractories Ltd Smethwick Drop Forgings Ltd 15 
Gibbons Brothers Ltd 45 Somers, Walter, Ltd 2 
Gibbons (Dudley) Led Spartan Steel & Alloys Led 
Granby, Paul, & Co. Ltd 39 Stee! Co. of Shropshire Ltd 42 
Graphite Products Ltd 12 Stein, John G., & Co. Led 29 
Graphoidal Developments Ltd 45 Stordy Engineering Led 27 
G.W.B. Furnaces Led 2! 

Thermic Equipment & Engineerin 
Hedin Ltd 43 ia Angie 


Herbert, A., Ltd 


1.C.1. Led 5 Thompson L’Hospied & Co. Ltd 25 

Incandescent Heat Co. Led. (The) 6 

Johnson Foster. H.. Led 38 United Steel Companies Ltd 

Lafarge Aluminous Cement Co. Ltd 13 Vaughan, Edgar, & Co. Ltd 43 

Langley Forge Co. Ltd 

Leeds & Northrup Ltd West, E. & A., Led 40 

West Instrument Led 18 

Massey, B. & S., Led ! Wickman Led 

Meliowes & Co. Ltd Wiggin, Henry, & Co. Led 

Metalectric Furnaces Ltd 19 Wild-Barfield Electric Furnaces Ltd 

Mining & Compressor Engineering 28 & 32 
Co. Ltd 3 Wilkins & Mitchell Led 1648 17 


Mond Nicke! Co. Ltd 


d 


14 Thompson, John, (Dudley) Led 


Thompson, Joseph, (Sheffield) Led 


Workington Iron & Stee! Co 
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THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


HEAT RES! ISTING CASTINGS 


THE CRONITE FOUNDRY CO. Abed 


LAWRENCE ROAD, TOTTENHAM, LONDON, N15 srancos 
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The illustration shows one of a pair of Bogie Hearth Furnaces, 50 feet 
long by 10 feet wide, supplied to William Beardmore & Company 
Limited, Glasgow. Specifically designed and zoned for extended 
accurate heat treatment of specialised materials 

We specialise in the design and construction of 

Open Hearth Furnaces Furnaces for Aluminium Melting, 
Coil Annealing and Slab Re- 
heating 

Continuous Multi-zone Bloom Forge and Heat Treatment 


and Slab Re-heating Furnaces Furnaces 
Stress Relieving Furnaces 


d Continuous Bogie type Ingot and Shipyard Plate and Bar Furnaces 
: HI EN Slab Heating Furnaces Modern Lime Burning Kilns 
PRIEST FURNACES LIMITED - LONGLANDS « MIDDLESBROUGH aiso at KELHAM ISLAND WORKS - SHEFFIELD 5 


Soaking Pits of all types 


F ise 
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